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The TRANSLATOR’ 


PREFACE. 


@ 

Secn| 1 is faid that Prefaces to Books, as well 
taay| as their Title-Pages, are too often guil- 
ty of promifing much more than ever 
the Readers can difcover in them: But 
this fhall not be the Cafe here; for 
what I intend to advance in Favour of 
this Work, fhall be as fimple as its Ti- 
tle. I thall only fay, That it were to be wifhed, that the 
greateft part of Thofe, who have undertaken to inftrué& 
the Public in the various Branches of the Pra&ical Arts, 
had been indued with Knowledge or Induftry enough, to 
qualify them for the Management of their particular Pro- 

vinces with fuch Addrefs, and to fuch ufeful Purpofe, as 
our Author. This is all I need fay, concerning Him or 
his Work ; for it would be both vain and impertinent in 
me, to take up your Time with an Encomimm upon ei- 
ther ;. fince the Authority of Cafimir Simienowicz has been 
formerly, and is ftill, as it were Sacred amongft Pyrobolsfts 
and Fire-Workers ; as is particularly evident from His hav- 
a ing 


li 
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ing been long ago tranflated into the moft noted of the 
European Languages; and from the joint Concurrence of 
the prefent Judicious in thefe Matters, by the common 
Suffrage of whom he is allowed to be the Father of Sound 
and Intelligent Prrobolifis. : 

My Defign therefore in this Preface is only to give you 
a very brief Account of this 7ran/flatwn; to which I hall 
annex a few Lines relating to the Hiftory of Saltpeter, 
which I fhall borrow from very good Authority ; and which 
I promife myfelf will be both New and Acceptable to moft 
of Thofe, who apply Themfelves to the Study and Pra- 
dice of the Military Pyrotechnics. 

This Zranflation then was.undertaken and compleated 
purely by the Encouragement of Colonel ARMSTRONG, 
the prefent Surveyor-General of his MAJESTY’s Orduance, 
Who confidering with Himfelf, That tho’ our Language 
abounds in Learned Traéts on almoft allthe Subjects chat 
are truly Ufeful, Ic is ftrangely defective in fuch as might 
tend to the Prefervation of our Liberties, and the Honour 
of our Arms, amongft our Neighbours; the moft Warlike 
Nations in the World! He concluded that by naturaliz- 
ing the moft celebrated Ashor in this Kind, a great Step 
would be taken towards recovering our Pyroboli/is and Fire- 
Workers, from the Lethargy they feem to have been ~ 
wrapped in for: many Years paft; and towards exciting 
Them to an Emulation of their Glorious Anceftors, 
who always endeavoured to be Foremoft in all AMar- 
tial Knowledge. And fince the Genius of our Nation is 
{till equally inclined to War and to Peace, it is to be 
hoped, That our Military Artis will as readily improve 
upon this Stranger, as our Civil Artifis have upon innu- 
merable Foreigners in their Way. 

' Bat it may be asked by Thofe, who have heard that 
this ork was originally written in Latin, why it was not 
rather tranflated from that Language, than from the 
French? To give a fhort Anfwer to this Query, 1 muft 

tell 
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_ will not appear ftrange that there fhould be fuch a Scarci- 
ry of it, in its Original Tongue; if ic be confidered, That 
our Author was of Poland, where the Lat is in univerfal 
Ufe, and where the Profeffors of this 4% are very nume- 
rous, efpecially in its Recreatwe Branches, which are 
practifed by the Poles as a common Myftery, or Trade; 


fo that notwithftanding there may be feveral Thoufands of 
this Work extant inthe Latss Tongue, they are particular- | 


ly clofeted up by that Nation as an invaluable Treafure. 
If I could have procured one of the Original Copies, it 
would doubrlefs have faved me a. great deal of Trouble ; 


for the French Tranflation is now grown very obfcure and - 


abfolete ; and what contributes to make it almoft Unin- 
telligible in many Places, it is the moft Carelefsly-printed 
Book I ever faw, {carce a Page of i it being free from grofs 
Typographical Errors. 

Under thefe Difadvantages I laboured throughout this 
whole Tranflation ; fo that if any Znaccuracies have efcaped 
me, the Candid Reader would forgive them, as foon as 
difcovered, if He would but confider how ealily I may 
have been mif-led into them, notwithftanding all the Care 
I may have taken to guard myfelf againft them; and if 
at the fame Time He did but know what Pains I have 
really been at, to purge my Original of a vaft Number of 
Erroneous Blemifhes of all Sorts, that the, Whole might 
anfwer the Defign of this Undertaking. But I hope that 


all the Material Miftakes I have fallen into, will cor- 


re&ted in my Table of FEvrata, And here it may not be 
Unfeafonable to inform you, That the Confedtion and Pro- 
portions of the feveral Compofitions have been compared 
by a Friend with the German Teanflation; for without 
- fome fach Help, it would have been next to Impoffible to 
have retified what was amifs in that Important Article. — 

In a word, you have here the compleat Body of my 
Original, in the cleareft and moft familiar Seyle I am Ma- 
| | | : {ter 


iti 
tell you, that it could not be procured in Latin: And it 
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fter of, as much as poffible divefted of the tedious Circum- 
Jocution and Prolixity of the French, and expreffed in fach 


‘ Terms of Art and Science as feem to be moft in Ufe with 


the prefent Learned. | 

I fhall now enter upon what I promifed you with refe- 
rence to Salpeter; to the End, that you may be as well 
verfed in whatever relates to that wonderful Sa% and Soul 


of Artsllery, as it becomes a profeffed Pyroboli? to be: And 


I am the more encouraged to it; becaufe the Lats Quo- 
tations, which are interfperfed in the Treatife I thall here 
abridge, muft render the Reading of it imperfe@ and 
unpleafant to Thofe who are not tolerable Mafters of that 


‘Language. What follows then, is the Subftance of a Pa- 


per in Bifhop Sprat’s Hsfory of the ROYAL SOCIETY, 
intitled Zhe Hiftory of Saltpeter by Mr. Henthaw. 

He fays, “‘ That whether the Nstre of the Ancients be 
“© of the fame Species with the Sa, which is commonly 
‘< known by the Name of Salpeter, is varioufly difputed — 
“< by very learned Authors: But by his Obfervations, and 
“<< by the Practice of Saltpeter-Men, and Refiners of Sais- 
<< peter, He fufpeéts that the Confidence of thofe who 
“< hold them to be different Salts, proceeds chiefly from 


their being unacquainted with the Phenomena or Ap- 


“<pearances of Saltpeter in the Making and Refining of 


© it: And alfo to their comparing Double Refined Sak- 


“© peter (of which Gun-powder is made) with that De- 
{cription of Mitre and Afrontre, in Chap. X. of Book 


-“ XXXI. of Play's Natural Hiftory, where he tells us, 


“ That Afronitre was almoft of a Purple Colour; and that 
“ the Agyptian Nitre was brown, and gritty or flony ; ad- 
‘‘ ding afterwards that there were Nararie from whence 
“© she Nitre came out of a yellow Colour. This, Mr. Hen- 
“¢ fbaw fays, is fufficient to have hinted to any one but 
‘¢ moderately verfed in the Modern Way of ordering Sab- 
<< peter, that the Ancients were not at all skilled in Re- 


“ fining their Nare from the Earth and common Sak, 


“C thar 
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© thar is ufually mingled with it; .nor from that foul yel-: 
© low Oil, which it feems: did accompany their Myre as- 
it doth our. Salpeter in great abundance; for Pliny. 
takes Notice of it. when he mentions the removing of 
Nitre (after it is grained) out of the Nurariz, faying, 
Here alfo an Oil-intervenes which is good againft the Scab 
“or Mange in Animals. This greafy Oil (which the 
“* Workmen were ufed to call the Mother of Saltpeter 
“ Mr. Henfbaw takes to be the crude and unripe Part of 
it; and fays, that it doth by Nature fo wonderfully 
adhere to every Part elfe of Peter (it may be, ordained 
for the Nutriment and. Augmentation of it) that the 
Separation of it is the fole Caufe of the great Charge 
* and Labour that is required in refining of Peter: For: 
“* if this Separation is not effected, the Peter will be 
“ low or brown, or of fome pias dark Colour.” 

‘He then quotes a Paffage from. Scalzger, which is alfo- 
guoted.by our Author (namely) For we have frequently. 
obferved a kind of Lufire of a glsmering Purple in Salis-- 
pretrz Terris; or mw S. alipetrous Earths; whereas Cafimir- 
has it Salsspetre Cirris, or in the Shivers of Saltpeter ; but: 
it is likely that they may both be in the right. He then 
fays, ‘‘ That if a Saltpetrous Lexsusum be boiled up to 
“‘ a Confiftence without filtring it thro’ Afhes, or giving 
“© the Salt leave to Chryftalize, you. may perhaps find 
“© fomething not unlike the Nre of the Ancients.” 

He then quotes this Paffage from Pliny, ‘‘ There is a 
‘© Uttle Nitre found in fome fcorched Vales of Media, where st. 
“¢ is called Halmiragha: And a lefs quantsty of a coarfer Sort 
of it #5 alfo found im Thrace s the Land about Philippi, 
“* where it is called Agrium. And then fays, that a Refiner of 
Saltpeter. gave him an Account parallel to. what Pliny 
‘© afferts; by telling him, that near Sophia and Santa-Cruz, 
“ and in feveral other Places in Barbary, he faw Salpe- 
“ ter fhoot .out of the Surface of the Ground, as thick 
and white. as . . Hoar-Froft, on many barren ‘wd defart, 

Lands ; 


Vi 


The TRANSLATOR’s PREFACE. 
Lands ; but that this does not happen till the begin= 


ning of the Rains in Augaf? ot September, and that it 
is the falling of the Rains which caufes the Saltpeter 


© ta fhoot out in little Chryftals; and that the People 


of the Country take it wp as clean as they can, and 


‘ fell it to Merchants: And that, by the Relation of an 
India Merchant, ‘it is much afer the fame manner that 
the Inhabitants of Pega in Eaff-India colle& it and fell 
it, faving that they refine it once before they deliver — 


it-to the Merchants. 


The next Rematk he takes out of Ply, is this: 
There are Nittous Waters in many Places, but which 


cannot be condenfed or grained by the Hear of the Sun. 
The beft ss found m Macedonia, which they calt Chalaftri- 


cum, and ts very pure and white, and nearly lske Salt. 
. There, is a Nitrous Lake, that bas a Spring or Fountain 


of frefh Water rifing up in the Middle of it: In this Lake 
they find Nitre about the Time of the Dog-Days; when 
st begins to fwim on the Surface, and fo continues for nine 
Days ; after which it ceafes for nine Days; which being 
expired, st floats again as before, and then ceafes as be- 


fore. If during thofe Days that the Nitre # generated 
there happen to fall any Showers of Rain, they caufe the 
‘Nite to be faher than ordinary ; but if any violent Winds 


arife they fpoil it, becanfe they make the Water foul and 
muddy. There is a much greater Quantity of it made in 
Egypt, but xt ts not fo good; for st ts of a dark Colour, 
and gritty or Bony, and made almoft after the fame Man- 
ner as common Salt; with only this Difference, that into 
Sale-Pits zhey pour Sea-Water, and into Nitrarix, Water 
of the River Nile. 

Upon this, Mr. Henfhaw fays, “ It will be no ciff- 
culty to conjecture, how fuch great Plenty of Nizre 


‘fhould be found in the’ Places above-mentioned, if we 


confider that Lakes are the Receptacles of Land-Floods, 
and that great Rains might eafily bring it to the Lake 


cc 
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about it. And for the River Wile (he fays) there 
muft needs be lefs Scruple concerning it, if we call to 
mind that once in a Year it {weeps with an impetuous 
“ Overflow the burnt and barren Defarts of Africa under 
** the Torrid Zone; where, by the Relation of Travel- 
 lers, thofe Sands are vifibly full of Mire; and thofe 
“ few Springs and Wells thar are found there, are for that 
“ Reafon fo bitter, that the Moors and their Camels are 
forced to make a hard Shift with them in their long 
Journeys. 

_ He fays, he drew good Rock Peter out of thofe Sti- 
rie which are ufually found hanging i arched Cellars 
“© and Vaults.” And here it may not be improper to re- 
mark that the Word Stiria fignifies an Icicle, or any thing 
like it; whereas Scaliger expreffes himfelf with reference 
to. his Matter by the Word Sivia, which in this Cafe pro- 
petly fignifies a Furrow as I have tendered it in the firft 
Chapter of the Second Book: But I fuppofe it is found both 
in Stirie and in Strié. However this be, I fhall not 
wafte your Time with faying any Thing farther concern~ 
ing it. 

— to fteer more direGly upon our ‘prtefent Subject, 
Salpeter ; Mr. Henfhaw fays, ‘ It is likely that the Air 
“ is every where full of a Volatile Kind of Nave, and that 
“ Lime and Plafter do ftrongly attract it, but Dew and 
“ Rain convey mich of it to the Earth; and that the 
“ Clouds feem to be {pread out before the Face of the 
‘ Sun, either to imbibe fome Part of his Influence, or 
“ to have a Salt generated in them to advance the Ferti- 
“ lity of the Earth; and he thinks they return not with- 
*< out a Bleffing, in ‘hat he has more than once extracted 


A 
rr 


“* Saltpeter out of Rain and Dew ; but in the greater 7 


_ © Plenty from the latter; and chat ever when it is ex- 
<* tracted from Dew, it is accompanied with a: greafy pur- 
“* ple Oil in great abundance; and adds, that upon Tryal 

he 


‘ in Macedonia from the higher Parts in the Country 


vil 
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| he found, that moft ftanding Waters, and even deep: 


Wells, have fome {mall quantity .of Saltpeter i in them;- 


| and affures us, that he alfo found fome in the Fallows. 
‘ and in-the Earth which Moles caft up in-the Spring. - 
‘ He then continues, That tho’ the Air and Water a-: 


bound with it in fome degree, yet that it is not there 


‘ to be had in any Proportion anfwerable to the. Charge 


in getting it: And that tho’ the Earth. muft necefla-: 
rily have great Quantities generated in or infufed into: 


£ it, yet that in thefe Temperate Climates of Ewrope, it: 
‘ is no fooner dilated or diflolved by Rain-Water, or the 
Moifture of the Earth, bur it is immediately applied to 


the Produ@tion or Nutriment of fome Plant, Infe&,: 
Stone or Mineral, fo that the Artift will find as little 
of it in the Earth to ferve his Turn, as he could in. 
the Air or in the Water. | 

He fays therefore (in which he exa@ly concurs with: 


our Author ) ‘That the only Places where it is to be. 


6¢ 


found in any Plenty in thefe Northern Countries, are. 
Stables, Pigeon-Houfes, Cellars, Barns, Ware-Houfcs,: 


and generally {peaking in any Place which is covered. 


from the Rain, which would diffolve it, and make ir 
vepetate, as alfo from the Sun which rarifies it, and 


caufes it to be exhaled into the Air. In fhort, he 


fays, that he was affured by an experienced Workman, 
that no Place yields Peter in fuch abundance as the 


Earth in Churches, were it not an Impiety to difturb 
the Afhes of our Anceftors in that Sacred Depofitory ; 
.and in this he agrees perfe@ly with what our Author 


{ays concerning the Defarts of Podolia, in Chap. II. of 


Book Wl. 


© Bue even in this Cafe the Earth mutt be of good 


© Mold, and the better the Mold is, the more Peter is 
| produced ; for in clayifh or fandy Earth, little or none 
is found: And the freer Ingrefs the Air has the bet- 

ter fo that the Sun be excluded: But if the Earth be 


c¢ ip 


ng 
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in itfelf never fo good, if it be removed and laid upon 
a Brick or Boardéd Floor, it will not be fo rich in Pe- 
ter, as if it had free Communication with the Exhala- 
tions of the lower Parts of the Earth. 
‘* In any Place qualified as is above premifed (he fays ) 
you cannot mifs of good Store of Peter, if it has not 
been drawn out in fome Years before, which you will 
quickly find after you have digged the firft Spade-full 
of Earth, by laying a little of it on the End of your 
Tongue, and if it taftes a little Bitter, you may affure 
yourfelf of good Store of Mineral (as they uftd ore 
ly to call Sakpeter )-----—-- If the Ground be good, i 
continues Rich to fix or eight Foot deep, and (ome. 
times but not often to Ten. 
“ After the Sakpeter is extracted, if the Earth be laid 
Wet in the fame Place again, it will be twenty Years 
ere any confiderable Quantity grow there of it; but if 
the Earth be well dried, ic will come in Twelve or 
Fourteen: And if the dried Earth be mixed with Store 
of Pigeon’s Dung, and mellow Horfe Dung, and then 


tempered with Urine (as was ufual before we were fap- 


plied with Peter from India) it will be fit to dig up in 
five or fix Years. If Water be caft upon Ground 


which is fic to dig for Peter, :it will’ only fink the Mi- 


neral deeper into the Earth ; but he that fhall chrow 
Seap-fuds on it will deftroy the Peter (as the Workmen 
have a Tradition) and it very well deferves a farther 
Inquiry. | 
He concludes, “ That the Generality of Authors are 
of Opinion that Saltpeter and the Way of drawing it 


out of the Earth, is a Modern Javention ; but whether 
it was originally owing to Chance, or to the Sagacity 


of fome great Wit, is as unknown as the Tinie it was 
difcovered. But (he fays) it feems to have many. Years 
preceded the Invention of Gun-powder, which by the 
Germans is afcribed to Conflantine Authitzer, or Berthold 

c “ Schwertz, 


1X 
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“ Schwertz, a Monk of Fribargh; which in all Probabi- 
“ lity was not long difcovered when the Iaventor (as Po- 
“ Jydore Virgil tells ws) taught the Ufe of Guxs to the 
“< Venetians at the Battle of Foffa Claudia, when they ob- 
§ tained that notable Victory over the Genoee, Anno 
“ 1380, For there is mention made both of Sakpeter 
© and Agaa Forts in the Writings of Geber, a Spanifh 
fF Moor, and an Alchynuft; but at what time he lived is 
“ unknown; tho’ it is certain he lived fome Hundreds of 
“ Years before Raimund Lully, who about the Year 
“ 4333 publithed fome of his Books, where he treats of 
Saltpeter and Aqua Fortis. In fine, Mr, Henfbaw fays, 
“ it is no ill Conjecture of Mazerus, That the forefaid 
“© Monk being a skilful Achymf, had a Defign to draw 
a higher Spirit from Peter than the common qua For- 


© ws, and that he might the better open the Body of 


<¢ Saltpeter, he ground it with Sulphur and Chercoal, by 
“< which Campofure he foon became the laventor of Gun- 
ce powder, 29 ’ 

Thus far. Mr, Hex/baw concerning the Hittary of Salt. 
peter; and J hape that what I have here tranf{cribed, will 
prove acceptable to the curious Pyrobols/, efpecially if he 
mever met with it before; and if he has, I donbt not bute 
he will be of Opinion, that I have not done amifs in pre- 
fenting it ta the Perufal af many, who perhaps might 
never otherwife have feen it; or at leaft 1 flatter myfelf 
every one will acknowledge, that this curious Piece could 
never have been as it were revived upon a more proper 
Occafion than,the Prefent ; fince it may ferve to clear up 
fome Things, and canfirm others, which are ta be found 
in the following Work ; which it will not only do, bur alfo 
compleat what Ca/smiw has attempted upon this Subjed. 

As for Mr. Henfhaw’s Manner of Making and Refining 
of Salpeter, 1 fhall only fay, that it is in the main the . 
fame with what yoy will find in this Treatife with. refe- 
rence to that Matter. 

Thus 
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Thus we fee that what is almoft univerfally held to be 


the very Bafis and Generation of Nutriment, has by the 
. réftlefs-and prying Curiofity of Mankind been perverted in- 
to the moft fatal Inftrument of Death and Deftruétion that 
has ever been difcovered. 

To conclude; you will obferve, in perufing this Work, 
That our Author propofed to publifh a Second Part of it, 
to fupply what is wanting in this; but it feems, that either 

the Shortnefs of his Days, or the Multiplicicy of his Bu- 
 finefS would not permit him to effe& it: Wherefore I am to 
acquaint you, that:‘what our Author has promifed only, will 
be amply fupplied by a GENTLEMAN, in every Refpecd 
qualified for fo Great and Ufeful an Undertaksng ; and that 
you may foon expec fuch a Continuation of this Subjeé, 
as will (allowing for the many Improvements refulting 
from the Experience of the laft Wars) more than anfwer 
all the Views of our Author with reference to the Greas 
Art difcufled in the following Sheets. 
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GREAT ART 


ARTILLERY. 


PART th FIRST. 


= BOOK EL 
Concerning the CALIBRE SCALE. 


\e4 HE firft and principal Inftrument ufed in Pyrotech- 
7 py nicks, or Artifictal Fireworks, which we call the Ca- | 
» bre Scale, (according to the univerfal Term amongft 

twas all Pyrotechnicians, or Artificial Fireworkers, as well 

Ay Spaniards and French as Italtans) is called by the 

A, Germans, Maftaab or Vifierftaab; by the Flemmings, 

Talftock; but much more properly by the Latins, 

Wirga, or rather Regula Sphareometrica ; ; and which, in Denvanon 

from them, we will call in Englifb the Sphereometric Rod or Scale, 

We muft conceive no other thing by the different Appellations above. 

recited, than a certain Inftrument or kind of Ruler, which has a near 

Refemblance to a Parallelopiped Prifm, or rather to the Fruflum of a 

fquare Pyramid, which ought to be made of fome Metal, or hard 

Wood, that will not eafily bend; upon one of whofe Superficies is a 

right Line, divided into unequal parts in a Stereometrical or Cubical 

Proportion, and nicely adjufted to determine and examine the Weights 

_ @f all Iron Bullets by their Diameters, This Scale or Ruler accord- 

ingly thews the Diameters of all Bullets made of the abovementioned 

Metal, 
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Metal, from the Diameter of a Bullet of one Pound, or from that of 
a Loth or Half an Ounce, ad infinitum; that is, as far as the Length 
of the Line can admit of. In like manner upon the Second and Third 
Superficies of this Scale, you have the Diameters for Bullets of Lead, 
or Stone, &e. of different Gravities, by which you may determine the 
Weights of Bullets made of thofe Materials. The Fourth and laft Su- 
perficies of this Inftrument, fhews the Meafure of the Rbyzland Foot, 
or (as fome will have it) the O/d Roman Foot, which is divided in- 
to twelve Uncia or Inches, and with this we may meafure not only 
all Pyrotechnich Bodies ; but likewife all Sorts of Superficies, Planes, 
and Lines. 

Having thus defcribed the Calibre Scale, it is but reafonable that 
we fhould proceed to fhew the different Methods by which it may be 
conftruéted ; and alfo its particular Ufe in Artillery; of all which in 
the Order and Method follawing. 


CHAP. I. 
The Arithmetical Conflruftion of the Calibze Scale. 


T HERE are many and difftrent Methods ufed by almoft all Arith- 
meticians and Geometricians, as well Theoretical as Practical, 
and even among the greateft Part of Mechanicks, in the Conftrution of 
the Stereometric or Cubical Line (from whence our Cahbdre Scale takes 
its Original) or whenever they would divide any Line into proportio- 
nal Parts according to the Cubical Ratio. In order to do this Arithme- 
tically, you need only double, treble, &c. the firft Cube as often as you 
think fit; and extra€t the Roots after the Manner F fhall thew in the 
Sequel: Buc by the way I muft obferve that thofe who practife this 
Science, as well as the reft of the Mechanicks, have taken it into their 
Heads to avoid this Operation; becaufe of the Neceffity of extracting 
the Cube Root, which ‘ts a little irkfome and difficult, and content 
themfelves with dividing their Lines into a Cubicat Proportion by the 
Affiftance of Tables, .that have before been calculated by other Arith- 
meticians, which they freely make ufe of, in afl their Operations. But 
fince it is of no fmalf Fmportance to fuch as would be perfect in this 
Art, to have a Knowledge of this Method; we fhall here give fome 
very fuccinc&t Rules, relating to the Cube Roots, together with che 
Manner of making Stereometrical Tables; by means of which we thalf 
eafily conftrudt our Calibre Scale. . 


P. 
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Brief Method of extracting the Cabe Root comprebended 
under the followsmg Reales. 


Arithmeticians term that a Cubical Number, which is made and 
produced by any Number multiplied inco itfelf, and then the fame 
Number multiplied by the Produét. As for Example; if the Num-~ 
~ ber Ten be multiplied into itfelf it will produce a Hundred, which if it 
be multiplied again by Ten it will give a Thoufand, which laft Num- 
ber we call a Cube; and Ten, which was the original Nutnber, we 
call the Cube Root; this being once well underftood, you will find 
ie very eafy to extraét the Cube Root of any Number whatfoever, if 
you attentively obferve the following DireCtions. 

Firft, you muft have in your Eye a Table of the Nine firft Cubes 
and their Roots, which may be eafily form’d by multiplying the Nine 
fimple Integers cubically, as demonftrated in the following Table: 


Reots Cubes. 
I- ©= 2 # wo ww» w© @ &~ ff 
2-- = - - = = & = 8 
Z- tet te 
4-- + = ew = = 2 = 6 
So - oot ee 2 19g 
Os 2 Se ee ee ee 2 BIG 
bs 2 oa 4s ee oe 
- ee ee ee oe 8 512 
9-2 te Ty 


2. In order to extract the Cube Root of any Number, as fuppofe 
160]103}007 ; divide off every three Figures, of this Numbers, as you 
fee above, beginning from the Right-hand towards the Left; which 
done, look into the Table of Cubes, for the greateft Cube under 160, 
which you will find to be 125; therefore 5 being the Root of 126, 
fet down ¢ in the Quotient, and fubftraét 125, its Cube from 160, and 
you will have a Remainder of 35, to which you muft bring down the 
next Cube, (viz.) 103. 

3. To find the next Figure of your paadets you muft form a Divi- 
for ; which is always done by trebling the Square of the Quotient 3 as 
for Example ; 5 being multiplied by 5, makes 25, which is the Square 
of 5, which Square being multiplied by 3, produces 75 ; and this laft 
Number is the Triple Square of the Quotient, which 1s to ferve for 
a Divifor: With this Divifor divide the Refolvend 35103, excepting 
(che two laft Figures, viz.) 03, and you will have 4 for the fecond Fi- 
gure of the Quotient. 

4. Then to find the Number which is to be fubftraéted from the 
abovefaid Refolvend, you muft fet down in a Corner by itfelf, the Tri- 
ple Square (viz.) 75, with two Dots to the Right of it, inftead of 

| Cyphers, 
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Cyphers, after this manner 75..; then multiply 5, the firft Figure 
‘of the Quotient, by 4, the laft Figure found, and you will have 20, 
which being multiplied by 3 will give 60, which Number muft be 
fet under 75... one Place farther towards the Left Hand (viz.) the Cy- 
pher in 60 under the firft Dot; then fquare the laft Figure found (viz.) 
4, and it will give 16; which muft be fet under the two other Num- 


bers, fo that the laft Figure 6 may ftand under the laft Dot; which 


done, add thefe three Numbers together, and they will make 8116, 
which muft be multiplied by the laft Figure of the Quotient (viz) 
4, and the Produc& will be 32464, which being fubftracted from the 
Refolvend 35103, the Remainder will be 2639, to which you muft 
bring down the next Cube, (viz.) 007; which being annexed to the 
faid Remainder you will have 2639007 for a new Refolvend: : 
. §. You muft proceed upon every Operation by finding a new Divifor ; 
(which is always the Triple of the Square of the Quotient) therefore 
{quare 54, the Number now in the Quotient, and you will have 2916, 
which Sum being trebled will give 8748, which muft be your new 
- Divifor ; and upon enquiring how often this new. Divifor is contained 
in your new Refolvend (excepting always the two laft Figures) you will 
find it to be three Times; fet then 3 in the Quotient, and proceed to 
find a new Subftrahend, in the fame Manner as we have already di- 
rected, and which you muft repeat as often as a new Figure is to be fet 
in the Quotient: This will be found to be 263 goo7, which being fub- 
{traéted from the Refolvend, you will have no Remainder, as will ap- 
pear by the Work itfelf; the whole Procefs of which is as follows; 
or (543 Root. - - 


75) 35103 Refolvend. F 
32464 Subftrahend. 4 
—- 4 
* 8748)2639,007 Second Refolvend. 20 4 
2639,007 Second Subftrahend. 3 om 
— i 
©0000 900 Ae 
5 
5 
a 
3 
75,-- Triple Squared 
60. Quotient 
16 . 
8136 . 
4 


32404 7 54 
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54 


3 
3 
9 


54 
. 54, 


. : Quasars 


216 
270 


2916 
. 3 


8748 .. 
486. 
9 
879669 
3 


xr teremmtages eS 


2639007 — 


Triple Squared 
Quotient. 


Obferve here that the above Number being a perfect Cube its Root 
is exactly 543; but in cafe you fhould (as it often happens ) be obliged 
to extract the Cube Root from: an Irrational or Surd, or 2 Number 
that is not a complete Cube, you may approach it as near as poffible by 


‘adding Ternaries of Cyphers to the faid Surd Number ; and when the 


Cube Root of it and the additional Cyphers is extracted, you will 
have the Roots and Decimal Parts near enough for ie Bufinefs; as 
may be feen by the following Example: | 


-37(8644125 |,000(335,7 


27 


10864 


8937, 


| 1927126 


1658375 


268750,000 a 
236165 293 


32584 707 


33 . 335 335 
33 335 7 
99 1675 2345 

99 1005 3 

eee 1006 — 

1089 ——. 7935 

3 I 12225 
ae 3 
3267. 

495. 336675.. 
25 7035 - 

net 49 

331075 
5 33737899 

——— 7 

1653375 
236165293 


-Thus the Cube Root of the above Number is found to be 335,7, 


and a oe Remainder: Now to prove the Work ; cube the faid Cube 
: C 


Root, 
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Root, and to the Cube of it add the Remainder, and if the Work i 1§ 
right, the Sum or Aggregate will be equal co the Sum from whence 
the Root was extracted; as for Example : 


78886243. 

563472045 
33808347 
$3808347 

: aw } we 
37831540293 Cube. 

32584707 Remainder. 
37864125000. ‘Sum. or Agpregate from which the 
Root was-extracted, 


Now as it will often happen (as T have already faid) that you muft ex- 
ttaét the Cube Root from fome given Number that willnot anfwer-exa@t-=_ 
ly ; I have (to-prevent your throwing away time) thought proper to give 
you fome Rules, by means of which you may readily know all thofe Num-_ 
bers-that will-net-anfwer exactly to-a Cubical Extraction. 

—y, “All Nunibérs ending: with cw or moreCyphers, and whichtannot 
be meafured by ‘te Ternary Number, that is, that cannot be exattly di- 
vided by three, carinot have their Roots perfectly Cubical, fuch asthefe, 
3400, 62800, 453000. 

2. All Nunibers ending with‘2, or 4, ard whofe laft Figure but one 
is even, cannot be exactly Cubic, fuch as, 3522, 62864. 

3. Every Number ending with:4 or 8, and whofe laft-Figure but one 
~ is not a Cyphreror an even Number, cannot be punctually “Cubic ; as for 
Example ; 446174, 110038. 

4. Such Nunibe?'s as cannot'be-exadtly divitied by 9, are never perfect- 
Iy Cubic ; <#itrefore the foltowing Number 12000 is not fo; for it being. 
divided by 9, you will have a Remainder of 3. 

Let this little that we have how faid concerning the Extraction of the 
io Root, “ind a Knowledge of the Cubic Numbers, fatisfy you for 

efent; the Ufe of it fhail be evidently explain‘d dn the Sequel of: our 


on ice, and fubfequent _— 
Now 
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Now if you would make a Table of Cubes with their Roots from U~ 
mity, or the Diameter of one Pound, ed infimtum; you may firft aflame 
any Number that you fhall think fit to ferve as a Root, which being mul- 
tiplied cubically by icfelf; will produce. the: firft cubical Number; and 
its Root, or the Number you fhall have. afflumed for its Cube Root, 
mutt be firft fet down in this Table. As for Example; if you take the 
Number 100 for.a Root, and it be multiplied cubicatly anto icfelf, yeur 
firft Cube will be 1,000,000, of which roo being the Root, it mutt be 
fet down in your Table as the firft Root. 

If you would extra& the Cube Root from double:thisCube; you muft 
double it, and you will have 2,000,000, from whence, af you extract the 
Cube Root, you will find it to be 125, which will be the fecond Raot 
of your Table, and the fecond Number. If you would know the Root 
of this Cube when trebled, quadrupled,. and fo on; firft, treble or qua- 
druple it, or increafe it, ad Infinitum, and from thefe Numbers (as you 
go along) extract the Cube Roots, and place them in a regular-Order m 
your Table ; joining in a Column upon one Side of them, the .afcend- 
ing or increafing Numbéers in a natural Order, from Unity as far as yon 
pleafe. This is the Method I obferved in the Conftruction of the fol- 
lowing Table, the Affiftance of which, if you pleafe to accept, . in form 

ing the Cakébre Scale, 1 muft tell you ; that it is firft neceflary that you 
fhould have the Diameter of a Bullet of one Pound,. made of the fame ' 
Metal with thofe Bullets which you, weuld ‘form your Calibry Scale-to: 
meafure. For Example; if you wouli: prepare an Inftcament or Cais- 
bre Scale, to calibte Tron Bullets; divide the Diameter of an [ron Bu 
let of one Pound, actually ‘taken from.an Iron Bullet of that weight. 
(I thall, in the Sequel, fhow how that is to be done) into as many-equal 
Parts, as the ‘firft Root of the Table contains Unities ; as-here, in our 
Table, the far{t Root contains ‘100 Unities; therefore -divide the Dia- 
meter of an fron Bullet of one Pound, into an -hundred eqtal Parw,,. 
which you may readily perform by the-Help of -the i sap qr 
Diaganal Scale, Fig. .1. Having ‘then with a Pajr of Gompaffes taken 
from that Scale all the Parts, according-as they are expreffed m the Ta- 
thle -of*Cube Roots; tranfpofe ‘the Diameters of your Buillets;upon the 
‘Calibre Scale: As thus; if you take reo for the Diameter df 2n-Iron 
‘Bullet of one Pound, ‘you muft.allow 12 of ‘the fame Parts for the!Dia- 
‘meter of a Bullet of two, Pounds ; that ‘is, you muft-add 2% Parts-to the 
‘firft Diameter. Again, for the Diameter of a Bullet of three Round, 
you muft'take 144 Parts, or add.44:Parts -to ‘the ‘irft Diameter ; and in 
‘the fame manner you may tranfpofe the Diameters of all-ether Byllegs: 
‘upen the Calibre Scale. This pratudl -Increafe :of the Diameters. ani 
‘their refpective Circumferences in'the Ratio of ‘Solids, -s very splaiy,. 
:and to be eafily conceived by Fig. 2, tn which “the firft Circke denotgs 
‘the Circumference of a Bullet, whofe ‘Diameter is: as ‘the firft Roof, 
rand its folid Contents-as the Grit Cube. - | ” 
Th 
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The fecond Circle is the Circumference of a Bullet whofe Diameter 
is as the fecond Root, and its Solidity of double the firft Cube. In the 
fame manner you are to infer, with regard to the other Circumferences 

‘in the fame Fig. as to their Diameters and Solid Contents. 

Whatever we have here faid of Iron Bullets, may be faid of rhofe alfo 
that are made of Lead, Stone, &c. which may be calibred by the very 
fame Rules; fo that you may, with equal Eafe, conftruct a Calibre Scale 
‘for that Purpofe. : 

We have given you a Reprefentation of this Inftrument in Fig. 3. 
upon one of whofe Surfaces you will fee the Diameters of Iron Bul- 
lets accurately marked out, and upon the other the Diameters of Leaden 


Balls. 


| A Table of Cubes and Cube Roots in a natural Order from 
Unity upwards-——- the firft Cube being fuppofed to con- 


tain 1,000,000 of Parts. 


Order 


Order Order 
of the | Roots. 


Roots. | of the] Roots. | of the} Roots. 


100 =| 26 296 si 371 76 424 
125 |_27_ | 300 | 52 373 77 425 
28 376 427 
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CHAP. I. 
The Geometrical Confiruttion of the Calibre Scale. 


T is abfolutely neceffary that you fhould have the Side of a firft 
™ Cube, or the Diameter of a Bullet of one Pound, made of the fame 
Metal, for the particular Ufe of which you would conftrué your Cali- 
bre Scale. For Example; in Fig. 4, let there be given the Line A, B, 
for the Diameter of an Iron Bullet of one Pound; then, in order to 
“find the Side of double the Cube, that.is, the Diameter of a Bullet of 
‘two Pounds, double the Line A, B, or extend it to twice its Length, 
which fuppofe to be the Line A, D; then find out two mean Propor- 
tionals between the fingle Line A, B, and the double Line A, D, and 
there will be one of them found (viz.) the leaft of the two mean Pro- 
portionals, which is D, E, which will be the Side of the double Cube; 
or the Diameter of an Iron Bullet of two Pounds ; in this manner you 
mutt proceed to find out the Diameters of all other Bullets, that is, by » 
increafing the Length of your Firft Diameter as far as is proper.or re- 
quifite, and then finding out two mean Proportionals between the Line 
" expreffing the Length of your firft Diameter, and the increafed Line. 

The. moft experienced Geometricians, however, aflure us, that ne- 
‘ver any one yet hath invented the true Method of finding out two mean 
_ Proportionals Geometrically, between two other given ones ; notwith- - 
ftanding that many of them have greatly labour’d, and. employ’d much 
of their Time in fearch of this Secret: The thing, indeed, is extreme- 
ly difficult, inafmuch as we can produce no Ratio (I mean, that is tru- 
ly Geometrical) to double, treble, &c.. or encreafe a Cube, ad Infini- 
tum, by means of a common Scale and Compafs only, as is ufually 
done, when we would augment the Proportion of any kind of Planes; 
which, however, cannot poffibly be done, ‘till you have previoufly 
found out two mean Proportionals by a nice Refearch. | 

A vaft many Geometricians, as well ancient as modern, have done 
their utmoft to folve this very authentick Problem; which. indeed is of 
the greateft Ufe in all mechanical Matters; and have even. endeavoured 
to demonftrate it, as a Plane and Linear Figure (though there are thofe 
who place this in the Rank of. Problems relating to Solids) by-certain — 
mixed Lines artfully drawn, and by fimple Lines immediately. proceed- 
ing from a Plane, as are all Right Lines and Curves. Amongft which 
Nicomedes has endeavour’d to demonftrate it by a Conchile Line, Dio- 
clefian by a Coffoidea or Hederacea, Menechnus by Conic Seétions, and 
many others by the Parabola; but Eratoffhenes, Sporus, and Plato, have 
aimed at It it by Right Lines and Curves ; and even Pappus, Hero, . Apol- 

D lontus, 
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lonius, Pergaus, Philo Bifantius, Orontius, Villalpandus, Clavius, and 
many other Geometricians, have laboured to do it by feveral other Me- 
thods: But whatever they have. faid or done upon this Head; I think 
it unbecoming of me to examine too fcrupuloufly into the Works of | 
thofe illuftrious Men, to whom the Republick of Learning is fo greatly | 
indebted ; and much l!efs would it become me to pafs a Judgment upon 
them, or to determine too rafhly concerning their Thoughts upon this 
Subject. I thall only fay, that it is acknowledged and declared by the 
greateft Geometricians, that it is impoffible to increafe the Cube by 
Planes ; and this I affirm from the very Confeffion of thofe who have 
fo clofely fought after it. But this is not fufficient for us to condemn 
cheir Inventions, reje@ their laborious Efforts, or look upon them as repug- 
nant to right Reafon and Truth: No; on the contrary we ought to con- 
tinue the Ufe of them, until a more happy Age fhall produce fuch as 
are preferable and more perfe&. In fuch a variety of Pratice as has 
been ufed to this End; I have pitched upon one Method only, which 
I here prefent for your Ufe in increafing the Cube, and to find out two 
mean Proportionals in a continued Order, and which, [ believe, will 
be fufficient, in the right and proper treating of Pyrotechnical Mat- 
ters. 

Let there then be found two mean Proportionals in a continued Or- 
der, between the two above-mentioned Lines A, B, and A, D; let them 
be firft placed at right Angles to one another, and let the Parallelogram 
A, B, C, D, be conftituted upon them, and {et A, B, and A, D, be con- 
tinued ad Infinitum; then the Diagonals B, D, and A, C, being drawn, 
let H be placed at the Interfeétion of them ; and apply a Ruler to the 
Point C, which will cut the Lines A, B, and A, D, continued ed Infi- 
nitum, in the Points E, and F, in fuch a manner that H, E, and H, F, 
may be found equal: This done you will have D, E, and B, F, for mean 
_ Proportionals continued between the given Lines A, B, and A, D ; for 
they will be as C, D, that is, as A, B, is to D, E, and as B,C, that is, as 
A, D, to B, F. 

I purpofely omit the other Methods, the greateft Part of which you 
may find, as well in the Authors above quoted, as in Marius Bottinus’s 
Treafury of Mathematical Philofopby, lately publifhed at Bologna, where- 
in he endeavours, by all Means, to prove, that the ancient Geometrici~ 
ans, as well as fome of the moft modern (whofe Names he mentions) - 
have not only difcovered the true, plain, and perfect Method of finding 
out two mean Proportionals to any two given; but that they have alfo 
illuftrated ic by Geometrical Demonftrations; fo that nothing can be 
further defired upon this Head. But let us attend to what he fays in 
this Tranflation of a Paffage in his Latin Treatife, (viz) Therefore what 
we have formerly faid in Apiar. III. Prob. I. i relation to the Conchotd of — 
Nicomedes, 12 a@ doubtful and cautious manner, we do now boldly afirm 
(in order to fhew that the bef Part of the Geometricgl Philofophy, concern- 
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ing Solids, is truly eRabkfbed ) that two mean Proportionals bave been long 
ago Geometrically and Demonftratively found. For to fay nothing of the 
Inventions of the reft of the Ancients, and only mention one, of which there 
are Footfteps fill remaining among ft us; the two mean Proportionals found 
by Nicomedes by help of the Conchile Line bave that Geometrical Certain 
ty, than which no greater can be defired, in the Geometrical Demonftration 
of any Problem ——-And a little lower Upon which Account there re- . 
mains no Reafon to doubt, but that the Geometrical Method of finding two 
mean Proportionals was invented long ago, as likewifé that the Truth and 
Certainty of all Stereometrical Problems arifing from two Proportionals are 
Geometrically demonftrated. 

But we have found an eafy Contrivance by means of Inftruments, where-— 
by to find not only two mean Proportionals to two others given, but in any 
Number of Proportionals required; and by that Invention we may be able 
at laff to reduce a given Solid to a Cube, contatn'd within FEquidiftant 
Lines, as alfo to change one Figure into another Equal to it or bigger, full 
keeping its Likenefs; wherefore it ts not to be doubted but Altars and Edi- 
fices may be doubled by fuch an Inftrument, and alfo one may refer to the 
Cube the Meafures of Dry and Liquid Subftances, as of Bufhels, &c. The 
Contents of which Meafures are known by the Sides of the Veffels, andina - 
Word, the Knowledge of this Queftion is ufeful to thofe, ‘who would make big- 
ger Sorts of fuch Machines as are ufed for throwing of Darts, Stones, or 
fron Balls; for in thofe Cajes, st 1s neceffary that all the parts of the Ma- 
chine fhould be encreafed in a certain Proportion, as well as the Things to be 
thrown, and this cannot be done without the Invention of a mean Propor- 
tional, : | ; SS 


CHAP. IL 
The Mechanical Conftruction of the Catsbre Scale. 


OF fo great a Number of Pyrotechnicians, or Artificial Fireworkers 
that we fee in our Days, we fhall not find one (pardon me for the 
Expreffion) that does not defire the good Opinion of the World, and to 
be efteemed a good Practitioner: But at che fame time they choofe to - 
be fuch in Appearance, rather than in Reality ; and only outwardly af- 
fe&t to appear very knowing in their Profeffion: Though by the way a 
thorough Knowledge in it is not to be acquired in peaceable Times, in 
the Chimney Corner, amidft the foftening Effeminacies of the Body, 
Serenity of the Mind, or by ignoble Sloth ; but on the contrary by the 
infupportable Fatigues of the Field, at the imminent Danger of Life, 
and the Sweat of the Brow. I have even known fome of them who 
{corning the plain and vulgar Denomination of Pyrotechnicians; but glo- 
rying 
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' rying in the Title of Fire Engineers in the Military Capacity, which the 
‘Flemmings call Feld-Fewerwercker, have thought it beneath them (they 
_ being deftitute of Theoretical Principles) to concern themfelves with any 
‘of the Theorems of Archimedes or Euclid, or any other famous Author, 
- or even to produce any Demonftrations to prove and confirm the Rules 
of their Art. Hence.comes this new Pfeudomechanical Science entire- 
ly unknown to the greateft part of paft Ages, and whofe chief and moft 
general Axiom is, Perturbare confuse & nilil ad rem omnia agere ; that 
‘is, to put every thing into the utmoft Confufion, and never do any 
thing as it fhould be. Confider now, whether the Burthen of this Self- 
- fufficient Mother can be fuccefsful ? Or whether the Fruit of fuch a 
Science muft not be ftrangely uncouth? Every Day you have irreparable 
Errours and Defects, as well in the Conftruction of Warlike Machines, 
as in the Preparation and artful Management, or handling of them. The 
Fireworks on ferious and neceflary Occafions, as well as thofe exhibited 
‘upon Publick Rejoicings, are for the moft part prejudicial to the, Prince, 
and evidently dangerous to the Lives of thofe who work in the Compo- 
fition of them, .as well as to thofe of the Spectators who behold them. 
How greatly are thofe to be pitied, who are ignorant in the Principles 
of true Mathematicks! Hear what * Paulus Guldenus faith, in an A- 
rithmetical Problem,. where he fpeaks to this Effect in his Latin Trea- 
tife. Leaf? therefore our Mathematicians fhouldb ecome unworthy of that 
Title ; but that on the contrary, they may lift up their Heads out of the O- 
cean of Ignorance, and apply themfelves to the Study of the moft noble of 
thofe Sciences ; we have in the beginning of our Lectures, looked upon the 
Mathematicks as @ moft powerful Queen with her numerous Heoufhold 
of fubjet Sciences; whofe Order, Subdivifions, Definitions, with their 
Differences and Diftinttions, we have fully and clearly explained in our 
Lectures; and in order to imprint them the more firongly in the Memory, we 
have in a very agreeable pleafing Method collected them upon a fmall Sheet 
of Paper, not for the Ufe of our Times only, but as an acceptable Prefent to 
| Pofterity likewife. We have laid down Arithmetick and Euclid’s Geome- 
try as the Bafis or Foundation, of the Mathematical Superftructure ; with- — 
out which it 1s impoffible for any one, though he were to live and ftudy to the 
Age of Neftor, to attain any true and folid Knowledge tn that Science. 
From a Want of thofe firft Rudiments proceed that Objcurity and Chimeri- 
- cal Uncertainty, that Labyrinth of Errours, and that vaft Chaos of Igno- 
rance. Hence it is, that Men are fo far miftaken as to be ignorant of what 
they do know, and think-they know what they are ignorant.in. Hence fo 
many Mechanical Mathematicians, ‘unskilful Surveyors, fo many Exbau- 
fers of Wine Casks, inftead of Gaugers: Hence fo many Bankrupt Mer- 
chants, unfortunate Captains in War, faife Architects, and <Artificers, 
who rather promife to conftrutt new: Machines for great Purpofes, fuck as 


—* Paulus Guldenus Lib, 1V. Centro, Cap. v. is 
: raifing 
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raifing Water to great Heights, and for removing vaft Bodies, than perfect 
them. Hence fo many Engineers without Ingenuity, difappointed Searchers 
after the perpetual Motion, fo many unhappy Squarers of the Circle, and all . 
the Blunders of Architects. In fine, hence the Man that begins to build, 
and knows not how to finifh or compleat what he has begun. But I would 
by no means have it thought, by what I have here faid, that I would in 
the leaft depreciate the Military Practice, to which alone I more parti- 
culafly applied my/felf': I am only grieved to fee this illuftrious Science 
of Pyrotechnicks difhonoured even by thofe who profefs it; (I mean 
Practitioners without Foundation ;) who have defpoiled it of its ancient 
Glory, and ftripped it of all its moft beautiful Ornaments, beftowed on 
it by its firft Inventors ; and ftill keep it feparated, and as it were, forci- 
bly torn from the Bofom of its lawful Mother the Mathematicks, as a 
Science alien to and independent of it; and have crowded it in amongtt 
the moft illiberal Arts, and the moft Mechanical Operations, 

In Truth, I could with, that entirely banithing this new Mechanical 
Science ; I fay, I could with, that no one would by any means fuffer a 
Novice or Apprentice to take any Work in hand, till he is firtt well 
grounded in the Principles of Arithmetick and Geometry; from whence 
we might expect, that this great Art would, in a little time, retrieve its 
Original Luftre; and confequently that the Invention of fo many ridicu- 
lous (I fhould choofe to fay, coftly and dangerous) Machines, which thofe 
Mafter Workmen have exhibited, would be juftly exploded, and we 
might at leifure tafte the delicious Fruits of this Science. | 

But let us refume the thread of our Subject, and fince we have ens 
gaged ourfelves to give in this-Chapter the Methods of Conftruéting the 
Calibre Scale mechanically; you muft firft know, that there is nothing 
fo eafy as all thefe Inventions; but if you would at any time try, whe- 
ther or no they can bear the Teft of Geometrical Proportion, which is 
the true Touchftone of all fuch things, you will infallibly find them in- 
cumbered with Falfities and Errours, and will perceive that it is entire- 
ly impoffible to demonftrate them according to the Rules of Art. We 
muft own however, that fome of them have been found to be right ; 
bat they have not yet been demonftrated Geometrically ; all the reft are 
falfe, or at leaft-doubtful ; which we are neverthelefs obliged to bear 
with patiently, becaufe they do not feem repugnant to common Senfe. 
For my part, I never commended or approved of them, inafntuch as I 
never acknowledged them to be grounded upon the leaft Foundation of 
Geometrical Truth. Now this Art confifts in one Point, from whence 
if you deviate to the Right Hand, or Left, forwards, or backwards, 
whether you carry the Foot all round the Circumference or not, you 
will find your Operations defective, and yourfelf far enough off from 
what you fought. Therefore I cannot advife any Body, to make ufe of 
this Method. However, that I may not conceal any Article from the 
Reader, who is defirous of knowing every thing, I hall difplay the 

| | _—£E Practice 
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Practice which thofe Artifts we have been {peaking of, value at fo highe 
Rate: But 1 fhall here.dwell upon two Examples of it only, which feem 


to me the moft Geometrically proportionate, and better founded then 
the reft. 


EXAMPLE 1. 


The Perpendicular, C, K, being drawn ad infinitum ; from the Point 
C towards K; in B let the Diameter of a Bullet of one Pound.-C, B, be 
placed ; then from the Center A, defcribe the Circle B,D, E,C; andlet 
the Diameter B, C, be divided into three equal Parts, C,1; I, Hs and 
H, B; and let a third be fet off upon the Periphery of the Circle from 
B to F, and from F to E upon one Side of the Diameter, and on the o- 
ther Side from the fame Point B to G, and from G te D. Now, if 
from C you draw through the Points D, and E, the right Lines C, L, 
and C, M, ad infinitum, you will have your Figure adjufted; by which 
you muft increafe the firft Cube, or the firft Diameter of a Bullet efter 
this manner. Having taken the Diameter C, B; from C {weep the 8eg- 
ment of a Circle 1. 1. then taking the diftance between the Points 1. 3, 
from the fame Point C defcribe the Arch or Segment 2. 2. and the di- 
ftance of the Points 2. 2. from the Point C upon all the three Lines, wilt 
be the Side of the double Cube, or the Diameter of a Bullet of 2 Pounds. 
Again, take the tranfverfal Diftance of the Points 2. and 1. which is 
marked with a prickt Line, and defcribe the Arch 3. 3. and the diftance 
between the Point C, and the Points 3 upon each of the three Lines will 
be the Diameter of a Bullet of three Pounds. In like manner take rhe 
diftance of the Points 2. 2. upon the Lines C, M, and C, L, and from C 
defcribe the Segment 4. 4. and the diftance between the Points marked 
with 4 and the Point C will be the Diameter of a Bullet of four Pounds. 
"This Method you muft purfue in finding out the Diameters of other Bul- 
lets: that is, by adding always the leffer uneven Number, to the greater 
even one, and reciprocally the leffer even Number to the greater uneven 
one; or by taking the tranfverfal Lines drawn betwixt them; and alcer— 
nately as you go along taking the Lines directly extending from one and 
the fame Number; as may be feen in Fig. 5. where we have carried on 
the Progreffion to the Number 20 ; but as this is felf-evident, it would 
be Time ill {pent to fay any more of i it. 


EXAMPLE I. 


Let the Diameter of a Bullet of one Pound be divided into 4 equal 
Parts, and let 4 be added to the firft Diameter, and you will have the 
Diameter of a Bullet of 2 Pounds; then divide the Diameter of a Bul- 
let of 2 Pounds into 7 equal Parts, and add } to the Diameter of a Bul~ 
let of 2 Pounds, and you will have the Diameter of a 3 Pounder. And 

: 2 in 
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in,this Manner and Proportion, you muft increafe the Number imme- 
diately preceding, to find the Diameters of all other Bullets: Thus you 
may continue it to what Number you pleafe. As for me, I have carried 
it on no further than the Number 10, to fave my Time and Labour; 
but I have continued it in another Method to 100, afcending decimally 
by 10 and 10 at atime, and always dividing by 4, as will be plainly 
fhewn by the following Table. As to the Numbers between each 10, 
you are to proceed with them in the fame manner as you did with the 


firft g Numbers, Moreover if you divide the Hundreds in the fame 


manner, you will have che Hundredths in the fame Proportion as the 
Decimals and Unities. 


| Diameters ‘Divided |Parts added] Make the Diame- | ° 


of into | tothe cers of Bullets 
Bullets. Parts. Diameters.{ weighing if. 
i 4 2 2 
2 7 ; 3 
3 fe) qs 4 
4 13 it s 
5 16 i 6 
6 10 3 z 
¢ 22 Bs 
g i @9 
 ¢g 2 ix fe) 
0 4 $ 20 
‘20 4 3 30 
39 4 3 40 
40 4 ; 50 
50 4 $ 60 
6o 4 3 70 
- FO. 4 ¥ 80 
80 4 $ go 
go 4 % 100 
100 4. ; 200 


‘We have call’d thefe two above given Examples Mechanical ; becaufé 
they are neither demonftrable nor artificial ; they may, however, in 
fome refpett be called Geometrical ; by reafon of the great Refemblance 
they have to Geometrical Problems, that are perform’d with Inftru- 
ments; but neverthelefs, thefe are not purely Geometrical, though they 
may, m fome fort, be called Mathematical; they may, at leaft, be 
ranked amongft thofe that are worked by Scale and Compafs only ; thofe 
two Inftruments being immediately founded upon the Poftulata, that 
is, upon the Right Line and the Circle; the fame may be faid of all 
thofe Inftruments that are made by Scale and Compafs; but in the 


main they are merely Mechanical. 
APP EN- 
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Ap PENDIX. 


A certain 7 Method of Conftructing the Calibre S cale. 


IN Otwithftanding that the two Methods we have already given (not 

reckoning the Mechanical one) have nothing difficult attending 
them, it being by them plainly demonftrated, that the firft and funda- 
mental Origin of our Scale is drawn from Axioms, and the moft certain 
Truths of Arithmetick and Geometry ; yet as they are a little perplex- 
ed and difagreeable, becayfe of the Extraction of the Cube Root, and 
the Neceffity of finding out two mean Proportionals; I cannot prefent 
you with a more eafy Direction, than by recommending the Sector to 
you, provided it be faithfully adjufted ; for as upon that Inftrument you 
have the Stereometric Line, exactly divided into Sides of Cubes, or 
rather the Diameters of Bullets, it is derived from Arithmetical Calcu- 
lation. Therefore having, with a Pair of common Compafies, taken 
the Diameter of a Bullet of one Pound, made of any Metal whatfoever, 
let it be apply’d tranfverfally' upon the Cubical Line from 1. to 1. 
and thus, without removing the Inftrument from its Pofition, take in 
._ like manner the Diameters of all other Balls or Bullets, and tranfpofe 
them upon the Calibre Scale; by this means you will have your Scale 
conftructed by once opening the Sector: (See Fig. 8.) But if you have 
not the Convenience of a Sector, you may, inftead of that, make Ufe 
of Fig. 7, with regard to which you may proceed after the following 
Manner. 

Let the Line A, B, be drawn ad Infinitum, upon which, from the 
Point A towards B, fet off the Sides of all the Cubes taken from our 
Table of Cube Roots in Chap. I. which you may do by any Scale you 
pleafe, from Unity to what Number you think fit. Then take the Dia- 
meter of a Bullet of one Pound, made of the fame Metal with thofe 
Bullets you intend to meafure; and fixing one Foot of the Compafs at 
the Point 1. defcribe an Arch or Segment of a Circle with the other, 
and let its Tangent A, C, be continued ad Infinitum. The Diftance be- 
tween the Divifions of the Line A, B, and the Tangent, will be the 
Diameters of Bullets ad Infinitum, increafing continually according ta 
the Progreffion of Numbers, following one another in a natural Order, 
and fucceflively exceeding one another by one Pound Weight at a time. 


CHAP. 
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6 CHAP. W. 

A Method to find and tranfpofe, or fet off the Diameters of 
Bullets upon the Calibre Scale, whofe Weights are lefs than 
one Pound, the Diameter of 4 Bullet of one Pound being 


firf given. | 


SY P POSE then that the Diameter of a Bullet of one Pound (as we 
‘ have already obferv’d in a foregoing Chapter) be divided into 100 
Parts; let it be cubed, and you will have 1,000,000, divide this by 32, 
(which. is the Number of Loths, or half Ounces in a Pound) and you 
will have 31250 in the Quotient, from which, if you extract the Cube 
Root, it will be found to be 31. Take off then with your Compaffes 
that Number of Parts from the Scale above-mentioned Fig. 1. and fet 
them upon your Ca/bre Scale from A to B, and you will have the Dia- 
meter of a Bullet of one Loth, or half an Ounce. Now, in order to 
find the Diameters of Bullets, whofe Weight confifts of feveral Loths, 
or half Ounces, you need only double, treble, &c. the Cube of the Di- 
ameter 31, which was laft found, and then extract the Cube Roots of 
your increafed Numbers, in the fame manner as was done to find out 
the Diameters of Bullets weighing feveral Pounds. Tihis is the Method 
I followed in the compofing of the following Table) from whence you 
may take the Diameters of half Ounces and tranfpofe them upon your 
Calibre Scale, by the help of the Diagonal Scale beforementioned. 
Furthermore, if you would have the Diameters of the Aliquot Parts -of 
an half Ounce (viz.) the the $ the }-the 4;, divide the Cube 31 by 2, 
4, 8, 16, andextraét the Cube Root from the Quotient of each Divi- 
fion, and you will-have the Diameters of the Aliquot Parts of an 
half Ounce, as may be {een by the following Table. 
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ANOTHER METHOD. | 
_ Take the Diameter of a Bullet of 2 Pounds, .and divide the fame in- 


to 4 Parts, and } will be the Diameter of a Bullet of half an Ounce; take 
| F again 


! 
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again the Diameter of a Bullet of 4 Pound, and divide it into 4 Parts, 
and , will be the Diameter of a Bullet of an Ounce. Thus you may 
go on with encreafing your Diameters 2 Pound ata time, and dividing 
them into 4 equal Parts, and ¢ will be the Diameters of Bullets, en- 
‘creafing half ah Owhce each tiiné in weight. | 

Thus you ray continue tal You come to 64 Pound, for the + of 
the Diameter of a Bullet of that Weight 8 exa@ly che Dianverer of 
a Bullet of one Pound. | 

If you would work this by the Compafs of Proportion or Seétor, 
-tranfpofe the Diameter of one Pound, taken with the common Conmpafies, 
tranfverfly upon the Line of Cubes, (or, which ts the fame thing, upon 
the Line of Solids) between 32 and 32, and without altering the inftru- 
‘ment, add together ali the tran{verfal Diftances between 1 and 1, 2 and 
2, 3 and 3, andfo on to3%, and you will have the Diameters of Byl- 
Jets of all the half Ounces Contaifed ina Pound. If you do not make 
ufe of the Sector, the Fig. 7. I gave you im ehe fotegoing Chapter 
will ferve yeur Purpofe, provided that by means ‘of any Scale of equal 
Parts you fet eff upon the bottom Line 32 Stereometrical Spaces from 
A towards B, ‘each diftinguifhed with Points and Numbers; and if you 
goon ftill farther, you mrbft take care to carry on your Opeiation m 
the Method I have already laid down. 


. ~ @ 


CHAP. V. 


A Method v0 find rhe Diameter of a Bullesof one Pound by 
the Diameter of another Bullet weighing several Pounds. 


ARITHMETICALLY. 


THE Method we fhall take in this Operation will differ but little 

from what we ‘have ‘faid ‘in the foregoing Chapter, except thac 
the Diameter of the given Bullet-may be divided into a certain Num- 
ber of Parts, us for Example into 100, 200, 300, or elfe into 10, 20, 
30, &ec. more or lefs, ‘but you will work upon a more certain Founda- 
tion the larger the Number it is divided into. You need not here ftick 
to the Obfervanceof the roo !Purts of ‘the Diameter of one Pound, as 
we have already divided it, which you will perceive by whit ‘follows, 
Suppofe now for Example you have an Iron Bullet, or one ‘made of 
any other Metal, of any Size and Weight whatever; and fuppofe you 
would by Means-of this, knew the Diameter‘of a Bulletof one Pound, 
made of the fame Metal with itfelf. In Fig. 8. let A, C, be the Dia- 
mistér ‘of ‘an Iron ‘Bullet -A, 'B, ‘C, ‘D, (which you imiy take ‘with two 
fiall igindinonical Inftruments, elevated -tipoh ‘any ‘Plane, or baa 
sw I Calibre 
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Calibre Compafies, &c.) divide then the Diameter into a certain Num- 
ber of equal Parts; let us divide it in this Example into 100 equal Parts, 
as we have elfewhere done with regard to the Diameter of a Bullet of 
ene Pound; this done, divide the Cube of 100 by the Weight of the 
Bullet : Set the Cafe that the Ball be a 24 Pounder ; you muft divide 
the Cube of 100 by 24, and extract the Cube Root from the Quotient 
ef your Divifion, and you will have the Number of Parts which confti- 
tute the Diameter of a Bullet of one Pound, as may be feen by the fol- 
lowing Operation: 


ib Cube. 
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_ Obferve here that if from the Diameter of a given Bullet, you would 
know the Diameter of a 2 Pounder, you mutt divide the Cube of the 
Diatnetrival Parts by half the Weight of the given Bullet; apain, if you 
Would have the Diameter of a 3 Pound Ball, you muft divide by 2) of 
tht Weight of the given Bullecs in thor, if you would from this like- 
wile ‘have the Diametet of a 4 Pouad Bail, you muft divide the Cube 
of the Number of Patts, into which the Diameter of the given Ball is 
divided by, of its Weight; which done, extract: che Cube Roots from 
your Quotients, and you will have what you required. | 


GEOMETRICALLY. 


_ Let the right Line A, B, Fiz. 9. be diawn od infimtwm, and upon the 
PointA, det fall the porpeadicnkr A, C, upon which fec of the Dia- 
meter of the given Bullet from A to Ds at the Lame cine it is meceflary 
tht you fhould tow the Weight of the piven Bultet, which #f does 
not ‘exceed 3 Pounds, divide the Diamerer imo two equal Parts, and 
then fabdivide the upper ‘Seftion inte roo equal Parts: But € the Ball 
excocds the Weight-of ‘8 Pounds, you malt divide the Diameters of a 
aed Bullets 
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Bullets between 8 and 27 into 3 equal Parts, obferving ta fubdivide the 
uppermoft third, into 100 equal Parts as before. Again, if the Weight 
of the Bullet exceeds 27 Pounds, you muft divide the Diameters of all. 
Bullets between the laft mentioned Number and 64 into 4 equal Parts; 
if it exceeds 64 into 5, if 125 into 6, and if 216 into 7. And thus you 
muft do fucceflively whenever the Weight of a Bullet exceeds any cubi- 
cal Number ; that is, you muft divide its Diameter into as many equal 
Parts as the Root of the fubfequent Cube contains Unities, and always 
fubdivide the uppermoft Section into 100 fmaller Parts. This being 
fuppofed, let the right Line F, G, be drawn parallel to the Bafe 
from I, that cuts off the lower Divifion of the Line A, D, and then look 
for the Cube Root inferted over-againft the Weight of the Ball in the 
Stereometric Table, which having found, take the Diameter of it with 
a pair of Compafies. It being very evident, that each of the Sections into 
which the whole Diameter is divided, contains 100 Parts equal to thofe 
into which the upper Section is fubdivided, inafmuch as they three are 
all equal within themfelves; it will follow, that you muft reckon from 
A towards C as many Parts as the Number in the Table of Cube Roots 
over-againft the Weight of your Bullet contains Unities. Then fixing 
one of the Feet of your Compafies at the Point of the Number found, 
with the other defcribe an Arch of a Circle, interfecting the Bafe of the 
Figure ;.and from the Point of Interfection draw a right Line to the Point 
of the Numbe? found, which muft neceffarily cut the Line F,G, parallel 
to the Bafe; then take the diftance between the Points of one and the 
other Interfection; that is, from the Bafe to the other Line that is pa- 
rallel to it, and you will have what you required. 
: In Fig.g. Let A,D, be the Diameter of a Bullet of 10 Pounds: Now 
becaufe this exceeds the Weight of a Bullet of 8 Pounds, its Diameter is 
divided into 3 equal Parts, which are A, F, F, K, and K, D, and its 
upper Section is fubdivided into 100 equal Parts. From the Point F 
which interfects the lower Third of the Diameter, draw the Line F, G, 
parallel to the Bafe A, B; this done, look for the Number in the Table 
of Cube Roots that is over-againft 10, the Weight of your Bullet, and you 
will find it to be 215. Suppofing now that A, F, and F, K, contain 
each 100 Parts; if you reckon 215 Parts from A, towards C, you wil} 
find the Point L, from whence if an Arch of a Circle be defcribed whofe 
Semi-Diameter is equal to the Diameter of the given Bullet, it will in- 
terfect the Bafe A, B, in the Point H; and a right Line being produced 
from H, to L, it will in like manner interfect the Line F, G, in the 
Point I, and thus the diftance between the Points H and J, is the Dia- 
meter of an Iron Bullet of one Pound, which was required. 
. Obferve here that if the Weight of the given Bullet anfwers exactly 
to a Cubical Number, you muft in that Cafe divide ‘its Diameter into as 
many firft and principal Parts, as the Root of it contains Unities; for 
one of the Parts of a Diameter thus divided will be the Diameter of a 
Buller 
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Bullet of one Pound: But all this being extreamly eafy, it needs no fur- 
ther IIluftration. | 

This may be performed with much more readinefs with the Seétor, by 
putting the Diameter of the given Bullet between the Points and Num- 
bers that exprefs the Weight of it upon the Stereometrical Line, and then 
upon the fame Line taking the diftance between the Points 1 and 1, 
which diftance will be the Diameter of a Bullet of one Pound. | 

With the fame eafe and to the fame purpofe you may ufe the Fig. 7: 
defcribed in the third aa if you rightly conceive how to put it in 
practice. 


CHAP. VI. 
A Method to find the Solidity of all forts of Bullets, whether 


in Cubical Inches, or any other known Meafure. 


WE fhall meet with no great difficulty in folving this Propofition, if — 

we take Notice of the Demonftrations of Chriftopher Clavius in Lib. 
V. Folio 263. of his Practical Geometry, concerning the Cube and the 
Sphere, where he tells us that the Cube of the Diameter of a given Bul- 
let is to its Solidity as 21 to 11; for Example, let the Diameter of a Bul- 
Jet be 6 Uncie or Inches of the Rhynland Foot, the Cube of 6 is 216; 
if now by the Rule of Three you fay, as 21 is to 11 fo is 216 the Cube 
of the Diameter to the Solidity; you will have 113, which is the Num- 
ber of Cubic Inches contained in the given Bullet. Obferve here, that 
if you extract the Cube Root of the Number denoting the Solidity of the 
Bullet, you will have the Side of a Cube that will be equal to the given 
Bullet in Weight and Solidity. 

Furthermore, if by a given Solidity of any Body, you would have 
the Diameter of a Globe or Ball equal to that Body in Weight and Soli- 
dity, you muft invert the foregoing Analogy, and let it be as 11 to 21; 
for in that Ratio will the Solidity given, be to the Cube of the Diameter 
of the Ball required. In the above Example you have a Solidity given of 
113 Cubic Inches, which if you apply thus to the Rule of Three, and 
fay; as 11 isto 21 fo is 113 the given Solidity to the Cube of the Dia- 
meter requited, you will have 215, now the Cube Root of this Number 
(viz) § 32 will be the Diameter of a Bullet equal in Weight to the given 
Solidity. 

Again; you may know the Weight of any Bullet by its own Solidity 
given in Cubic Inches, without the Calibre Scale or any Mechanical In- 
vention whatfoever. You mutt firft know (what I believe is very well 
known amongft Pyrotechnicians) that the Bullet whofe Diameter is 4 

G Uncia 
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Uncie or Inches of the Rhynland Foot weighs 8 Pounds of Iron: This 
being granted, and the Solid Contents of any Bullet being given, you may 
folve it by the Rule of Three after this Manner (viz.) as the Cube of 
the Diameter of 4. Uxcte or Inches is to the Weight of 8 Pounds, {0 is 
the Cube of any other Diameter determined by the fame kind of Mea- 
fure to its own Weight. Which may be eafily conceived by the follow- 


ing Example : 


64: 8:: 216 - 
8 


Cyan seen) 


64) 1728 (27 Pounds of Iron. 
128 


N. B. 64 is the Cube of 4, 
and 216 the Cube of 6. 


CHAP. VII. 


A Method to find by Numbers the Diameter of a Bullet of 
an unknown Bignefs by the Diameter of a Bullet of one 
Pound made of the fame Metal. 


€ Rese Solution of this depends entirely upon the Rules laid down in 

the firft Chapter,as we fhall fhow in the following Example. Sup- 
pofe now, you are asked how many Uncie or Inches of the Rhynland 
Foot conftitute the Diameter of an Iron Bullet weighing 1000 Pounds. 
In order to find this, multiply the Cube of the Diameter of a Ball of 
one Pound, by the Number of Pounds which the Bullet whofe Diame- 
ter you feek for weighs, then extract the Cube Root from the Product, 
and your Queftion will be anfwered. As here in our Example the Dia- 
meter of an Iron Ball of one Pound is 2 Uncie or Inches of the Rhyy- 
land Foot whofe Cube is 8; now 1000, the Weight of the given Bullet, 
being multiplied by 8 it will produce 8000, of which 20 being the Cube 
Root, that Number is the Diameter of an Iron Bullet weighing rooo 
Pounds ; that is 20 Uncie or Inches of the Rhynland Foot; which was 
required, | 


CHA P. 
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CHAP. VIII. 


The Method to examine the Truth or Exatinefs of the Calibre 
Scale, and of sts particular Ufe in Pyrotechnicks. 


| I? often happens that we dare not rely upon Inftruments, that have 
been wrought and adjufted by the Hands of a Workman,. and feldom 
make ufe of them till they have been thoroughly examined by us, 
as to their Exaétnefs and Truth; for froma falfe or miftaken Conftru- 
tion of them, innumerable Errors and Abfurdities arife, as daily Ex- 
perience evinces. It will be then neceffary that our Cahbre Scale 
fhould undergo a ftri€t Examination, whether it has been made by your 
felf or an Inftrument-maker; you may then adjuft it after this man- 
ner. With a Pair of common Compafies take the Diameter of a Bullet 
of one Pound, which muft be repeated as often as the Length of the 
Scale will permit, and upon the Points already engraved. Now this 
firft Diameter will fhow all the Points that are diftinguifhed or deno- 
minated by Cubical Numbers; for Example, being once taken it will 
extend to 1, which is the firft Cube; the next time to 8, which is the 
fecond Cube ; the third time to 27, which is the third Cube; the fourth 
time to 64, which is the fourth Cube; the fifth time to 125, and fo on 
with regard to the reft. After the fame manner, the length of the Di- 
ameter of 2 Pound will point at the Number 8 twice repeated, viz. 
to 16; and thrice taken, it will point at 27 twice repeated, that is to ¢4, 
and fo on of the other Diameters, as will appear by the Table at the 
end of this Chapter; in which the Numbers that are under A, are pri- 
mitive or original, by a Repetition of which are produced all thofe un- 
der B: Thus from the firft Diameter thefe Numbers arife (vrz.) 8, 
27, 64, 125; and all the others that follow in that tranfverfal Order, 
or in that Line. From the firft Repetition of the fecond Diameter 
will arife 16, from the fecond ¢4, and fo on of the reft. Your Calibre 
Scale having ftood this Proof, you may fafely make ufe of it. Now 
though its Ufes are very various in Pyrotechnicks, yet its principal Bufis | 
nefs is to Calibre Cannon Bullets, and the Bores or Orifices of warlike 
Machines, fuch as are all Pieces of Ordnance, Mortars, Petards, &c, 
_ As for Example, let there be given a Cannon, whofe Bore is as in the 
Fig. 8. A, B, C, D, let the Diameter of its Circumference be A, B, 
which having taken with a Pair of Compaffes, tranfpofe it td yout 
Calibre Scale (having firft allowed for the Vent of the Ball, as we thall 
obferve hereafter) and one of the Feet will point out to fome Number 
on your Scale, expreffing the Weight of a Bullet of the fame Diameter. 
As in our Fig, the Diameter B, E, (without reckoning A, E, which is 
| I the 
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the Vent of the Ball) being applied to the Calibre Scale, prepared for 
calibring Iron Bullets, you will have the Number 2, which is the Dia- 
meter of a Bullet of 2 Pound, by which you will readily conclude, 
that the given Cannon carries a two Pound Ball. If you apply this 
fame Diameter to the other Superficies of the Sca/e, where the Diame- 
ters of Lead are marked out, you will find fome Number denoting the 
Weight of the fame Bullet if it was made of Lead. 

Obferve here that if the Diameter of any Bullet being applied to the 
Calibre Scale, does not an{wer exactly to an Integer or Pound; but ex- 
tends a little beyond it; you muft know that the faid Bullet is heavier 
than a Pound; now in order to find how much it exceeds it, take no- 
tice of the following Method. Let a certain Diameter extend fomewhat 
beyond the Point 1 upon your Calibre Scale; then fee how many Parts 
your Diameter is compofed of, and likewife how many of the fame 
Parts conftitute the Diameter of a Bullet of 1 Pound. Let us fet the 
Cafe here, that the Diameter of 1 Pound is divided into 100 equal 
Parts, and that the given Diameter contains 108 of the like Parts: 
From thence you will naturally infer, that the Weight of a Bullet of 
that Diameter, exceeds the Weight of a Bullet of 1 Pound, in the fame 
Proportion as the Cube of 108 exceeds that of 100. Now to find out 
exactly how much the one weighs more than the other, you muft 
reafon after this manner by the Rule of Three: If 1,000,000 the Cube 
of 100 gives 32 half Ounces (or a Pound) how many will 1,259,712 
(which is the Cube of 108) give? This being performed after the com- 
mon way, it will come out about 40, which will be the Number of 
~ half Ounces that your Bullet weighs, and confequently it will be ex- 
actly 4 Ounces heavier than a Bullet of one Pound. 


A B B 
1! 8 641 126 | 216) 343 | 512 | 729 | 1000 
2 1468 | 2000 
3 2187 
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CHAP. IX. 


Of the Mutual Ratio of Metals and Minerals between them- 
felves, or how to find by the Weight and Magnitude of 
any Metallic Body the Weight and. Maguitude of another. 
Moreover how to fet off the Diameters of Bullets made of 
feveral forts of Metals and Mineral, &c. upon the Caili- 
bre Scale. 


INCE in Pyrotechnicks not only Iron Bullets are ufed; but fuch alfo 
as are made of different Metals and Minerals, as Lead, Stone and the 
like ; and as in meeting with Bodies made of various Subftances, it fre- 
quently happens either through Neceffity, or elfe to fatisfy the Curiofity, 
that we would gladly know, by means of the given Weight or Magni- 
tude of any Body, the Ratio of the Weight or Magnitude of other Bo- 
dies made of different Metals, or Materials; I could not omit obliging 
thofe who have a Genius or Inclination to Pyrotechnicks, by pointing out 
the Way for them to come at this piece of Knowledge, and that, by 
fhewing them in this Chapter certain mutual Ratios and Properties of 
Metals and Minerals between one another ; which I have here taken 
from the Works of the moft learned and experienced Authors. How- 
ever, I muft beg of the Reader, that when he meets with thefe mutual 
Proportions of Metals in other Authors that vary a little from ours; I 
fay, I muft beg of him not to take it amifs, that we have ftuck to the 
lateft and neweft Experiments ; though we are far from aiming at a Di- 
minution of the Authority of others; eafily imagining that every one 
knows well enough (as Matthias Berneggerus fays in his Annotations up- 
on the Treatife of Galileus de Galileis) That pure Metals, that is, fuch as, 
free from the Commixture of any other fort of Metal, do not fo mutually a- 
gree, but that their Ratios are fubject to fome change, and that they weigh 
differently when of the fame Kind. Thus Gold ts found to be heavier or 
lighter than Gold, and Lead than Lead, according as they differ in Magni- 
tude. Moreover, hammered Metal is heavier than that which is caft, its 
Parts being more clofely compatted by being hammered than by being melted. 
Therefore in vain do you feek after this Perfection. The different Specific 
Gravity of Stones is much more confiderable than that of Metals. Some of 
them are very porous, and called Sand Stones; other forts of them are more 
folid, but thofe difagree greatly from one another in Weight. Moreover, 
the different ways of weighing certain grave or heavy Things, have a 
great Refemblance to Aftronomical Obfervations, which almoft always 
differ fome Minutes or Seconds from one another. Now as it is necefla- 
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ry that you fhould know, in what manner the Learned have eftablithed 
certain Rules, and furnifhed us with infallible Experiments, to deter- 
mine the different Specific Gravities of all Metals, and to facilitate the 
greateft Difficulties you might meet with in your Refearches after a Cer- 
tainty upon this Head, Z fhall fubjoia what Merfennus (one of the 
greateft Mathematicians our Age has produced) fays on this Subje& in 
his Book of Hydraulicks, Prop. 47. 

Firft eben, I made Experiments upon Liquors by poring them into Pli- 

als, which are the bef the narrower their Necks are, and round the Neck 
you tye @ Thread, or draw a Line that you may exactly fill the Bottle to the 
fame beight with different Liquors. Ineed not bere mention, that you muft 
dry the Bottle well every time, for fear the leaft drop of the Liquor ufed in 
a former Experiment by adbering to the Bottle, either within or without, 
frould binder you from exattly finding out the Specific Gravity of the Li- 
quor you are trying ; neither need I mention what bas otherwife been fatd of 
Balances and Steel-yards, and of the Divifion of Weights in which the great~ 
oft Exatinefs is requsred. 
‘But this Method is not convenient for weighing hard Bodies, fuch as are 
all Metals, except they be firft melted, and I accordingly took care to melt 
them ; but befides that all Metals do not fill the fame Mould (as I foewed 
Prop. 8. Lib. IV. concerning Bells) and that fome contain more Air than 
others, and that fome are not to be melted without a good deal of difficulty, 
fuch as Copper and pure Brafi; Stones and Wood cannot be melted at alls 
I therefore examined Metals after they had been drawn into fine Wire (as 
may be feen from the above-quoted Book of Harmony) which not giving me 
full Satisfaction, becaufe of the various S ize of the Wire, the firft of it that 
paffes through the Mould being thicker than what comes through afterwards; 
and fince fome Metals cannot be drawn inte Wire no more than Wood or 
Stones, &c. I thought it necefary to think of fome other way. 

The third Method that I thought might bave done was by getting Bodees 
made into Spheres, Cubes, and Paralteloptpeds ; but Stones, Metals, Wines, 
&c. cannot be fhaped with a Plane or turned in a Leath; and therefore at 
laft I find the beft way to be, to weigh all folid Bodies with an exact Balance 
in Air or Water, or in each fuccefrvely, to find the differences of their Weight. 
In Aur the Liquors are to be examined and compared with Water, weighing 
them in the above-mentioned Bottle with a narrow Neck: But the reft of the 
Bodies being hard might like the Liquors be exactly weighed in Air, tf they 
were equal in Bulk, or if the difference of ther Bulk was known; but as 
their Figures are commonly different and irregular, nothing 1s more conve 
nient or exact than weighing them in Water; and by comparing a Bulk of 
Water equal to them, to their Gravity, we may fnd out bow much one Body 
3s heavier than another, and if this be once reduced to a Table the whole La~ 
bour will be faved. 

The fame Author fays, F remember Dunot a Geometrician was ufed to 
reduce all Metals to the Paris balf Pint (or the Englith Pint) and /uppojing 

z that 
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that Meajure of Water to weigh one Pound, be faid that the Sollowing Me- 
tals were in this Proportion; (for Example) fuch a Meafure of Iron would 
weigh 8 Pound, of Silver 10 + Pound, of Lead 11 : Pound and Gold 
19 Pound, and that a Leaden Ball whofe Diameter was 1 Inch and 
‘8 Lines weighed 1 Pound, bat when te propofed to fH a Pint sinh 
melted Metals to find the jaft Weight of the ref, I aifiaded Dime From 
sts becaufe I found that Monids and Vofel are not egivally filted by differ 
ent Metals; and that fome Metals are more Sill of litth Vacnities (or Wind 
Holes, as the Smelvers call them) than others. | 

It is here then that Merfennus thews vis the mutual Proportions of 
Metals, which he has very accurately reduced to 4 Table, affuring us 
that Bodies of Metal of one and the fame’ Magnitude, obferve the 
to which we have added the Proportions that Silphur and Wood bear 
to the Metals, 


Gold - - - 2 ee ew LL, 100 
Mercury - - = - = ~~ 2 _ _ wit 
led - = - - 2-2 si _.z boi 
Silver - - - - 2524 si SI; 


| Copper “|e = &©& = 6 ww» 4 & 47% 
Brafs mixed with Lapis Calaminaris, < 4b 
Tron: - = ~ i - @ s» «© waa 4 > 
Common Tinh - - ~ w» = 4 4 49 
P ure Tinn -“— «= = & @ © & S&S 39 § 
Loadftone - - = : <= «+ < 96 
Marble- . ~ - . es £4 oF 

Stone - -~ . 2. 2 2 - 4 4 
Chryftal - «= @ « - = = = fy! 
Sulphur so = wb & wow b&b we 2 
Water -_— = © ew em we ewe ew 54 . 
Wine - -~- 2. 2. oS #&® w= ws wey 5 ‘ 
Wax ee a es 
Oi-- - - ws aia =~ # &s w 6 4 4 
Lime-Tree Wood = « 2 - ~ += 3 3 


‘The particular and principat. Ufe of this Table will be to thew, by 


made of the fame; and likewifé thel¢ niuitdak Rais with: révard 6 
Magnitude and Weight. If for Example yow would know the murival 
Ratio of the different Specific Gravicies of Iron anid! Read's that is, if 
what degree Lead is naturally heavier than Tran: 3 (Aappofing their Bult 
to be equal) you mutt look into thé above Table, where you wilt {ce 
that the Weight of Lead. is to the Weight of Iron, as 605 i8 Ww 42. 

This 
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This being known you will eafily: folve this Problem, which is in truth 
a very excellent one, and perfectly neceffary in Pyrotechnicks. To illu- 
ftrate this, there is an Iron Cannon given whofe Weight is 2000 Pound; 
now I demand how many Pounds of Brafs would be requifite to make 
another Cannon of the fame Size, in the fame Form, and with all the 
fame Ornaments and Embellifhments with the given Cannon. In order 
to folve this, you muft proceed in this manner, (vz,) Having from the 
above Table taken the Numbers expreffing the Ratios of the two Me- 
tals; fay, as 42 (the number exprefling the Weight of Iron) is to 45, 
(the Number expreffing the Weight of Brafs mixed with Lapis Cala- 
minaris) {o is 2000 Pound, the Weight of the given Iron Cannon, to 
the Weight of the Brafs one fought; this being performed, you will 
find, that the Weight of Brafs mixed with Lapis Calaminaris, requifite 
to make a Cannon, like the given one, will be 2142 Pound and 27 Loths, 
or 13 $ Ounces, or thereabouts. 


By inverting the Order of thefe Ratios, and by knowing the exact Di- 


menfions of any Body, you will eafily difcover the Magnitude of any 
other Body, whofe Magnitude is meafured with the fame Parts, and is alfo 
of equal Weight with the given or known Body, and of the fame Form, 
though of different Bulk. For Example, let the Magnitude of an Iron 
Bullet of one Pound be known, whofe Diameter is divided into 100 
equal Parts; (as we have more than once obferved;) by which you 
would know the Diameter of a Leaden Bullet of the fame Weight. 
In order to do this, look for the Ratios of their Specific Gravities in 
the above Table, for as 60 } is to 42, fo will the Magnitude of an Iron 

Bullet be to the Magnitude of a Leaden Bullet of the fame Weight. 
Now in order to know the Number of equal Parts which the Dia- 
meters of one and the other Bullet ought to contain, I have inferted an- 
other Table which I have carefully calculated, by the help of the Table 
of Cube Roots in the firft Chapter of this Book; and likewife by the 
Affiftance of the mutual Ratios of the Specific Gravities, as in the 
above Table; in doing which we obferved this Method. We multi- 
plied the Root of the hundredth Cube, taken from the Stereometric 
Table, that is, 464, always by 100, and divided the Product 46400, by 
the Roots over-again{t the Numbers anfwering to the Specific Gravities 
of Metals with regard to Gold. For Example, to find the Number of 
Parts which conftitute the Diameter of a Leaden Bullet, we divided 
the Product of our Multiplication abovementined, (viz.) 46400, by 
the 60 + Cube Root, (as in our forementioned Table of Roots) which 
is about 392; now the Quotient 118, is the Diameter of a Bullet of 
Lead of equal Weight with one made of Gold. By this Method we 
calculated the following Table, which if you pleafe to make ufe of, 
let us to illuftrate it; fuppofe that you want to find the Diameter of 
a Leaden Bullet of 1 Pound, and that you already have the Diameter 
of an Iron Bullet of the fame Weight, divided into equal Parts, which 
we 
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we will here (as well as we have elfewhere) fuppofe to be 100. This 
done, range the proportional Numbers of the two Metals in this man- 
ner by the Rule of Three (Viz. ) As the proportional Number of Iron 
(which in the Table is 133) is to the proportional Number of Lead 
(which in the fame Table is 118) fo are the 100 equal Parts, of which 
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia- 
meter of. a Bullet of Lead of the fame Weight with the Iron one; 
- which was required. 

- Having worked this Analogy, you will have the Diameter of a Leaden 
Bullet confifting of 884; Parts of the fame Bignefs or Nature as the 
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus 
you are to proceed to find out the Diameters of Bullets, of the other 
Metals, but of equal Weight with one of Iron. In thort, the Diameter 
of a Bullet made of any kind of Metal being known, you will have the 
Diameters of all the reft, by taking their refpective Numbers from our 
Table of Proportions, and then working them by the Rule of Three. 

By what we have been faying, we fhall readily come at all the Diame- 
ters that are ufually found upon the Calibre Scale. Moreover we may 
not only have the Diameters of Globes or Bullets, but alfo all the Ho- 
mologous Sides of any Bodies, as well regular as irregular (provided 
they are made of fuch Materials as are to be found in our Table) toge- 
ther with their mutual Ratios as to Magnitude, as may be conceived by 
the following Table. As for Example, let there be given a Cube of 
Wood, whofe Weight is ro Pound, and let it be required of you to 
make a Cube of Copper of the fame Weight with: the given one; to 
do this, divide one Side of the given Cube into .a certain number of 
equal Parts ; (but i it may not be improper to fell you, that the more 
Parts you divide it into, the more exact will your Work be;) let us here 
fuppofe the Side of the given Cube to be divided into 60 equal Parts; 
then take their proportional Numbers from the following Table, and 
range them as ufual in cafes of the Rule of Three (viz.) as 309, the 
proportional Number of Wood, is to 128, the proportional Num- 
ber of Copper, fo is 60, the Number of Parts into which the Cube of 
Wood is divided, to the number of the fame Parts requifite for the Side 
of a Cube of Copper, of the fame Weight with the Cube of Wood 
which was given; from which there will arife this Numbet 24 3%, which 
are the Number of Parts of the fame Bignefs, or Nature with thofe in- 
to which the Cube of Wood was divided, as are neceffary for the Side 
of a @opper Cube, of the fame Weight with the Wooden one. 

What has now been done with regard to the Side of a Cube, as are- 
gular Body, may be done with refpect to the Homologous Sides of an 
irregular Body ; and thus may you have the Magnitudes of ceguipon- 
derant Bodies, made of different Metals, fuch as Brafs, Iron, &c. and 
all by the help of Models or Moulds, (to ufe the term iri the Proplafic 


Art) fuch as the Moulds of all the _— Bodies, which are for 
the 
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the moft part irregular, as all Cannons, Mortars, “Petards, and fuch like 
Machines; whether they be made of Wood, Wax, Lead, or any other 
Metal or Mineral whatfoever. .‘I'o conclude, we may eafily come ata 
Knowledge of the Encreafe or Augmentation of any Body, by fuch 
means as we have been fpeaking of, and by the affiftance of the Table 
of Cube Roots given in the firft Chapter; always obferving that the 
given and required Body be exadly of the fame Form. Concerning this 
Subject you may, if you pleafe, have recourfe to the 25th Problem in 
Galileo's Treatife of the Sec#or; wherein he teaches how to find out 
the fame thing by an Inftrument of his own Invention. 

Obferve here that we have not given the Proportion of mixed Me- 
tals to the others; it being very difficult to afcertain any Rules concern- 
ing it; becaufe the Founders, and fuch like Workmen, have very 
various Methods of allaying, or mixing Metal when they caft Cannon, 
of which we fhall {peak more fully in another Place. We have, however, 
_ obferved by Experience, that the Weight of a Metal mixed in fuch 
Proportion, as that in 500 Pound of Copper, ‘there is 20 Pound of Brafs 
mixed with Lapis Calaminaris (which the Latins called Aurichalcum, the 
Germans Meffing, the Poles Mofiads, and we Lattin) and 10 Pound of 
Tinn; (an Allay which is efteemed the ftrongeft, and is now in general 
ufe amongft the European Nations) comes the neareft in Weight to the 
Specific Cony of Brafs made with Lapis Calaminaris. 


Diameters of AEqui ponderant Bullets, divided into equal Parts. 


Gold - =~ = = = = = = = #® 100 


Mercury eos = = = = = = 2 YY 
Lead - = - © = = = = = = 118 
Silver - - =~“ - = = = = = 322 


Brafs or Cube - - = = = = = 3128 
Brafs with Lapis Calaminaris - = - 130 
Tron - - 3 = - - = = = = 133 
Common Tinn - - - - - = = 136 
Pure Tinn - - - - = = = = 1937 
Loadftone = - = - - - - = - 156 
Marble - - - - - -© - = = 168 
Stone = - = - - - =~ = = = 192 
Chryftal 20% > 
Sulphur - - = - - = = = = 202 
Water - © = = = = = = = = 266 
Wine - = - - © = = = = = 267 
Wax - = = © © © © = © = 274 
Oil- - - - = = = = = = 296 
Lime-Troe Wood ~ = = = = = 309 
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APPENDIX. 


W E may eafily folve both the one and the other Queftion, given in 

the above Examples, by another Method ; as fuppofe we wanted 
to know the Diameters of Bullets or Balls, by the known Diameter of 
any given Ball, or that we ‘would have the Homologous Sides of any Bo- 
dy, whether regular or irregular, by the known fides of any given Body: 
(ftill obferving that they be of equal Weight.) In order to come at this, 
proceed as follows. With any Scale whatfoever, take the proportional 
Parts of Metals as you find them in the above Table, and fet them off 
upon the Line A, B, Fig. 10. beginning from A towards B, making a 
Point or Divifion where every Diameter terminates, and write under 
each Divifion a Name or Character, to denote the Metal to which it be- 
longs: Thus will your Figure be adjufted. I fhall now illuftrate the Ufe 
of it, by.an Example of the fame nature with that which I gave laft. 
Let there be given, for Example, the Side of a Silver Cube, by which 
you are to find out the Side of a Chryftal one of the fame Weight. With 
a pair of Compaffes take the right Line in your Figure, which is equal 
to the Side of a Cube of Silver; then fixing one Foot at the Point diftin- 
guifhed by the Word Si/ver, defcribe an Arch of a Circle with the other, 
towards which from A, produce the Tangent A, C, ad infinitum. Then 
taking the Diftance between the Point diftinguifhed by the Word Céhry- 
ftal, and the Tangent A, C, you will have the Side of a Chryftal Cube of 
equal Weight with the given one that was of Silver, and confequently all 
the Diftances between the Points upon the Line A, B, and the Tangent 
A, C, will be the Sides of Cubes, made of Metals differing from a Silver 
Cube in Kind, but equal to it in Weight. 


CHAP. X. 
Of Weights ; their Difference, and aiid or Equality 


to one another. 


TT E Weights which were ufed by the Ancients, were very different 
from ours both in Name and Effect ; and were by them changed 

and a}tered a thoufand ways, as well in confideration of the various Na- 
tions they traded with, as the feveral Commodities that they weighed. 
It is the fame thing in our Days; for the Weights ufed by the French, 
differ from thofe ufed by the Spaniards, which are again different from 
thofe of the Italians, Germans, Poles and Enghfh ; this variety as to 
Weights holds good through all the Nations in the World; where they 
bear particular Names in the Languages of their refpective Countries. 
I More- 
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Moreover there are fome Weights that are ufed for weighing Gold, Pcarf, 
Coral, and other Things of Value only; and others for Iron, Copper, 
Lattin, Lead, Tinn, Sulphur, Allum, Wax, Tallow, Hemp, Wool, 
frefh or falc Meat, Butter, Cheefe, and the like Goods of Bulk. Fur- 
thermore, there are particular Weights ufed by Phyfctans, Apothecaries 
and Surgeons, with which they weigh and adjuft the Medicines which 
they prepare for the humane Body. It is in this Chapter then that I 
propofe to entertain you with the Difference of all thefe Weights ; be- 
ginning firft with thofe of the Ancients, then proceeding to ours, and 
finifhing with thofe of the moft Modern Date, all which we thall enu- 
merate and reduce to an Equality between themfelves; which done, we 
fhall fhow of what Ufe their Co-equations or Equalities are in Pyrotech- 
nics. — 
As to the Weights of the Ancients, and the particular Difference be- 
‘tween them, the Writings of both Greek and Latin Authors will fully 
inform us: We have here collected fome of them, of which we shall! 
fpeak as we go along. In the firft place the Ancients generally divided 
“their Weights into two Claffes, (viz.) the Greater and the Smaller; of 


“the Greater there was | 


The TALENT, which amongft the Hebrews was a kind of Weight 
(without any Mark upon it,) of 3000 Shekels, as may plainly be feen 
m the xxxvirith Chapter of Exodus, wherein is mentioned a Sum of 
100 Talents, and of 1775 Shekels, which was collected after 603,550 
Men had paid each half a Shekel. Now the Hebrew Talent contained 
100 Hebrew Mina, and 120 of Attica, or 1500 Ounces, 12000 Drams, 
or 125 Pounds, each Pound weighing 12 Ounces. With the Talent 
they weighed Gold, Silver and Copper: See Villalpandus upon this Sub- 
ject in his third Volume, where he powerfully refutes thofe who differ 
from him in Opinion. But Authors difagree as to the Weight of the 
Shekel. Merfennus, in his Treatife of Mea/ures, Weights and Coins, af- 
fures us, he found that a Shekel of Silver (which he would have to be 
equal in Weight with one of Gold) weighed 268 Grains, and from thence 
concludes, that the Hebrew Talent of 3000 Shekels was equal to 87 
Pounds (of 16 Ounces each) 3 Ounces, 6 Drams, and 2 Denar, or to 
804,000 Grains. From whence we fee that the Talent, as calculated by 
Villalpandus, exceeds that of Merfennus, by 6 Pounds (of 16 Ounces each) 
8 Ounces, 2 Drams, and 2 Denar. Some are of Opinion, that the He- 
brews had two forts of the Shekel, (viz.) the common one, or the Pro- 
phane Di-drachma, and the Tetra-drachma of the Sanctuary, which was 
double the common one. But you may if you pleafe read Villalpandus 
upon this head, where he difputes with great Energy againft Grepfhus, 
and maintains that the Shekel was but of one kind, which was of equal 
Value with the Athenian Stater, and not of two, diftinguifhed-by the 
Denominations of Prophane and Sacred. The Drachm which was the . 
fourth part of a Shekel, as mentioned in St, Luke, Chap. xv. ver{e 8. was 

- : ) equal 


- eee - : 


Ashe ARK 


NERS AN AY 


SUGNERUASASVANYE ERAA UE 


AN RONAN FANT MASS AE 


VUAARA ERA ALE YE PONS Set 


OCS TOROS ROMEO SD AERA! 


AAANANAAAAARAARS AAS NAAN ANY. AN WY AWS 
ASS) AANA 


AVURSAARRRE LY, CARAS AAA ASUUAAA LUAU NAAN 


eT 
atte : 
— ay 


wn es wee ee 


-~-~+ 


es. «8 


i) 


e 
¢ * 
, 
‘ 
, 
a 
4 e 
. 
2 Pew ae eee 
eo. . 
wo ‘ —_ 
, 
‘ 1 
e 
4 me 
. 
; . 
» 
4 
’ 
a 
- vs 
! rr #2 


i 
‘ 4 ; ! 
Cd ae ‘ ‘ ! 
: ot 
. : . ; 
- t 
~ . - 4 " 
° 
Ls 
e 
! 


) 


Of the Great Art of ARTILLERY. 33 


equal to a Roman Denarius; of which in St. Matth. Chap. xviii. ver. 22. 
or as the half, in St. Matthew, Chap. xvii. ver. 27. The Shekel was com~- 
pofed of 20 Odol:, which the Pebrews called Gerab, and the Chaldeans, 
Maba; the Obolus according to the common Opinion of the Radbdins 
weiged 16 Grains of Barley ; from whence (as they equal the Grains of 
an Ounce, which we hall {peak of hereafter) we may make a Shekel or 
20 Oboli to contain 320 Grains. Thus 3000 Shekels will weigh 960,000 
Grains, or 104 Pounds (of 16 Ounces each) 2 Ounces, 6 Drams, and one 
Denarius. But if you would know any thing farther, relating to the 
Weight of the Hebrew S bekel, read Merfennus of Meafures, Weights and 
Coins, together with the Authors he quotes upon that Subject. 

By Authors we find it for a certainty that the Talent amongft the Ro- 
mans was of three forts. The Leaf of the three weighed 84 Pounds 
Roman. The Mean one was 120 Pounds, as Vitruvius fays in the laft 
Chapter, of Book X ; where he relates, that He/sopolts was fo firmly wal- 
led with Flints, and fo ftrongly fortified with Hides, that it could bear 
the Shock of a Stone of 360 Pounds Weight, thrown from the Balifa; 
now this was the Weight of three Talents, each of which was 120 
Pounds. You will find the Zird and Greate Talent, in Suidas and 
Hefychius, who both affert it to have been 125 Pounds, which is a Weight 
equal to an Hebrew Talent. 

The Grecian or Attic Talent was 6000 Drams, or 60 Attic Mine, 
as Suidas relates from Feffus. According to Villalpandus it was equal to 
“half of the Hebrew Talent; but according to Suidas and He/ychius, the 
half of the Roman Talent; that is 62: Pounds Roman Weight. The 
Value of the 4¢tic Talent in Money was 600 Crowns; which may give 
us an Idea of the famous and memorable Liberality of Alexander the 
Great towards Men of Learning, when he prefented his Mafter riffotle 
with 800 Talents, as a Gratification for the Trouble he had been at, in 
defcribing to him the Nature of all Animals; which amounted (as fome 
will have it) to 480,000 Crowns: And likewife when he fent Ambafia- 
dors to the Philofopher Xenocrates, with a Prefent of 50 Talents,- which 
anfwered to 30,000 Crowns. Befides the Talents I have already men- 
tioned there were feveral others; as 

The Thracian Talent, which weighed 120 Pounds. The egyptian, 
which was 80 Pounds. The Alexandrian, which was half of the Attic 
Talent (viz.) 31 Pounds, 3 Ounces. The Syrian, of 1500 Drams, or 15 
Pounds, 7 Ounces, and 4. Drams; and that of gina, which weighed no 
more than 10 Drams. 

As to the Lefer Weights of the Ancients, you will find amongft the 
Hebrews 

The MINA or MANEGH, which was 30 Shekels or 120 Drams. 


The Grecian Mina or Mna (ve) was of two forts (viz.) the Lefer of 
75 Drams, 


K And 
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And the Greater (which was bigger than the new one of Solon) 100 
Drams. The Dram was divided into 6 Oboli; the Odolus into 2 Semi- 
oboli; the Semi-obolus into 3 Chalet; the Chalcus into 5 Leptes. But for 
weighing of Drugs and Medicines, the Phyficians and Surgeons divided 
the Mina into 16 Ounces; the Ounce into 8 Drams; the Dram into 3 
Scruples ; the Scruple into 2 Qbolt; the Obolus into 2 Semi-obolt; the Ser- 
obolus into 1 + Sigua, and the Si/iqua into 4 Grains or Moments. | 

The Mina of Alexandria was 20 Ounces; and in fhort to conclude with 
the Mina, the Ptolemaic was 8 Ounces only. 

The POUND was what the Romans properly called a Weight, or As, 
or Afis; this Weight was the Leaf? of the Greater Sort or Clafs, and the 
Biggeft of the Lefer. It was commonly 12 Ounces, and this Roman 
Pound was 4. Drams lighter than the Attic Mina. The Pound was ori- 
ginally divided into 12 Oxnces only ; then the Sextans was 2 Ounces ; the 
Quadrans 3 Ounces; the Triens 4 Ounces; the Quincunx 6 Ounces ; the Se- 
mis 6 Ounces (which was alfo called half a Pound;) the Septunx was 7 
Ounces; the Befis 8; the Dodrans 9; the Dextans 10; and the Deunx 
11 Ounces. The Pound was again divided into other {maller Weights ; 
as, 24 half Ounces; 36 Duelle; 48 Sicihca; 72 Sextule; into 84 De 
narit, 168 Victoriati, and 288 Scriptula. 

Befides all this, the Pound was a kind of Mea/fure amongift the Ro- 
mans, which was divided into 12 Parts, which they called Uxcie or In- 
ches; this they called the Menfural or Meafuring Pound, to diftinguith it 
from the Ponderal or Weighing Pound. Now this Menfural Pound, (ac- 
cording to Galen in his Vth Book of the Compofition of Medicaments) was 
a kind of Veffel made of Horn, with which the Romans ufed to meafure 
Oil ; and was divided by certain Lines drawn either withinfide or with- 
out into 12 Parts, which were called Uncie. Galen farther informs us 
in the VIth Book of the fame Treatife, that the whole Menfural Pound 
was equal to but 10 Ounces of the Ponderal Pound, and confequently was 
2 Ounces lighter. 

We have now {poken fufficiently of the ancient Weights; let us pro~ 
ceed to examine the various Weights in prefent Ufe: amongft which, 
whether they be of the Greater or Leffer fort, we fhall find a wide diffe- 
rence. But as we have no Terms to exprefs them by in our Language, 
no more than we had for thofe of the Ancients which are equally fo- 
reign to us; we fhail call them by the Names they bear in the Coun- 
tries where they are ufed,and particularly by fuch Terms as are che moft 
common among Merchants: And this we fhall do with all poffible Brevity. 

DOLIUM (which alfo is the Name of a Veffel anfwering to a Tunn) 
is a Weight much ufed in Poland (where it is commonly called Beczha) 
and ts 50 Stones, or 1600 Pounds: I fuppofe them here to be Stones of 
Warfaw, which weigh 32 Pounds each. 

The MIGLIER, which we call the Miler, isa Venetian Weight of 
40 Miriads (called in that Country Miri) each weighing 25 Pounds; 

. I thus 
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thus the whole Miliier will weigh 1000 Pounds, allowing 12 Ounces to 
‘each Pound. , 

The BACCAR in the Kingdom of Cahcut, is a certain Weight, 
that at Lisbon anfwers to 5 great Qyintals, and weighs in all 640 Pounds. 

CALLA, is an Alexandrian Weight of 960 Pounds. 

CARGO, or CARICO, Cargoe, or Lading, is a Weight common- 
ly ufed in France, Spain, Italy, and Portugal; this is properly the Load, 
or Burthen of an Horfe, Afs, or Mule. In Spain it is 3 Quintals, which 
are 360 Pounds, and fometimes 432 Pounds ; at Venice and Antwerp it is 
400 Pounds. At Lyrons and every other Place in France it is 270 Pounds, 
and fometimes 300 Pounds. The Schiffpfundt of the Germans has fome 
Affinity to this fort of Weight, as we fhall thow. in its proper Place. 

BIRKOWIEC, a Weight among the Mu/covites, and the Inhabi- 
tants of White Rufia, contains 10 other {maller Weights, (which the Peo- 
ple of thofe Countries call Pud) each of which weighs 36 Pounds, from 
whence it is that this Weight is 360 Pounds in all. 

The SCIBA of the Egyptians weighs 320 Pounds. 

The RIVOLA or Romula, a Weight ufed in the Country about 
Damafeus, is 225 Pounds. 

STAR, amongft the Venetians, weighs 360 Pounds, and fometimes 
220, 180, 130, or 120, and fometimes but 110 Pounds. This Diffe- 
rence arifes from the feveral forts of Goods they weigh with it; which 
I thall not here dwell upon. 

The WAGE, a Weight amongit the Belgians, weighs at Antwerp 
165 Pounds; at Bruges in Flanders 30 Stones, or 180 Pounds; fometimes 
at the fame Place it is but 20 Stones or 120 Pounds ; with this they weigh 
Butter and Cheefe. | | 

QUINTAL, QUINTALO and QUINTALIS; a Weight ‘a- 
mongft the Spaniards and Portugueze. In the City of Leon it weighs 100 
Pounds. At Seville the great Quintal is 144 Pounds, and contains 4 Robes, 
or Arrobas of 42 Pounds each: the little Qyzntal is only 28 Pounds. 
There alfo they have another fort of Qyintel which is 120 Pounds, or 
4 Robes of 30 Pounds each. The Portugueze Quintal is 128 Pounds, and 
contains in like manner 4 Robes, of 32 Pounds each. This is their 
Greate? Quintal: the Leffer 1s but 112 Pounds; which alfo contains 
4. Robes, weighing only 28 Pounds each. In the fame Country the 
Quintal of Wax weighs 1 3 of the Lefer Qyintal, and is therefore 168 
Pounds. In the Kingdom of Fez, the Quintal is 66 Pounds of Ant- 
‘werp, and in Morocco and Guinea 129 Pounds. 

CANTAR and CENTNER is what was anciently called the 
CENTENARIUS or Hundred, which weighed 100 Pounds: from 
‘whence it was that in Nomus the Soldiers cried out: Qyid fit? Baliftas 
gattas Centenarias; if it be only that thofe powerful Machines threw out 
‘Stones of 100 Pounds? But now this Weight is varied prodigioufly, and 
fuited to the Convenience of a vaft many Nations that make ufe of.it. In 

France 
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France (for Example) in the City of Paris, it is divided into 4 Quartrons, 
or Quarters, of 25 Pounds each. At Lions, Thouloufe, Avignon, and Mont- 
pelhier it weighs 112 Pounds. In Spazn it is 4 Robas, each Roba 30 Pounds, 
which added together make 120 Pounds, and anfwer to the Weight of 
a Quintal. In Pugha, Calabria, and Candia, as alfo at Conftantinople, 
Alexandria, Aleppo, and the Iflands of Cyprus and Rhodes, it is 100 
Rotules; in Sicily 61 Rotules of 30 Ounces each, make a Hundred or 
Centenary. At Damafcus it contains 5 Zurls, or 5 Stones, of 20 Rotules 
each. In Barbary, it is 5 Robes, and every Robe 20 Rotules; at Oran it 
is 4 Robes. In England it is 112 Pounds. At Noremberg and moft of 
the chief Towns in Upper Germany it is 100 Pounds, 120 Pounds, and 
fometimes 132 Pounds. In Silefa and Vratiflaw it weighs 5 Stones of 
24. Pounds each, which is 120 Pounds; the fame it weighs at Hamburgh 
and Dantzick. At Koningsbergh it is 138 Pounds. Ac Lubeck and Stetin 
in Pomerania it is 121 Pounds. At Cracow in Poland it is 138 Pounds. 
At Warfaw it weighs 5 Stones of 32 Pounds each (as I have already faid) 
which make 160 Pounds ; in purfuance to the Orders eftablifhed in that 
Kingdom in the Year 1565. At Leopole in Rufia, it is § Stones of 
30 Pounds each. 

The ROBE or Arroba, isa Spanifh and ie Weight of 36, 32, 
30, and 28 Pounds, as I have already faid. 

The STONE, commonly called Stein in the Upper and Lower Ger- 
many, is much ufed by the Germans, Flemmings, Hollanders, and all the 
other Nations that inhabit the Borders of the German Ocean, and the 
Baltick Sea; asin Poland, Lithuania, &c. It is likewife ufed in Italy, 
(viz.) at Rome, Florence, Bologna; as well as Hamburgh, Lubeck, and 
Stetin; inall which Places it weighs 10 Pounds: At all thefe Places they 
have likewife one of another fort, which is double of the firft, and con- 
fequently weighs 20 Pounds. AtVratiflaw in Silefa, it is 24 Pounds ; 
at Cracow 25 Pounds; at Warfaw and Lublin 32 Pounds, in purfuance 
to the Orders iffued out by Sigi/mundus Auguftus in the Year 1565; at 
Leopole it is 30 Pounds; at Dantzick the Stone is of two kinds, the 
biggeft of which is 34 Pounds, with which they weigh Flax and Wax ; 
and the /eaft is only 24 Pounds, with which they weigh Drugs, Spices, 
and all Aromatick things. At Konengsbergh it is alfo of two forts, the 
biggeft weighing 40 Pounds, and the /eaff 25 Pounds. At Elbing, Vilna 
in Lithuania, at Riga, and at Revel in ETHOS} it is 40 Pounds; and at 
Thorn 24. Pounds only. 

NAGEL is a Weight in England, which is particularly ufed for 
weighing Wool: at Bruges in Flanders it is 6 Pounds. Furthermore 4.6 
Nagels conftitute a certain Weight which they call Wage, 2 Wages make 
a Sack, and 3 Sacks make a Seltier or Serpelter. But in England the 
Nagel weighs 7 Pounds; 3 Hundreds and : make a Sack of Wool, 
which is 52 Nagels; the TOD is likewife an Engli/fhb Weight, and is 4. 
Nagels. 
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The ROTULA or SCUTARIA is a Weight in Italy, and in 
feveral Parts of the Ea/ff, as in Arabia, Syria, Greece, Rhodes, and Cy- 
prus: It is divided into 12 Ounces, Sacros, or Sachofes; into 24. Sexatios 
or Sichs; into 48 Denarti, 7 of which make an Ounce; into 96 Dar- 
guins, or Drams; into 288 Scruples; into 576 Orloffats, or Odol:; into 
864 Danigs; 1728 Kirats, or Carats, or Siliqua, and into 6912 Keftufs, 
which fignify Grains. According to Nicholas Tartaglia, in his Twelfth 
Queftion, the Rotule or Rotula at Venice, weighs 2 Pound, or 33 
Ounces and $, and 3 Rotules make 100 Ounces. In Sicily the Rotule is 
30 Ounces; at Alcairo itis 6 Pounds; at Aleppo 60 Ounces; at the fame 
Place the Ounce is divided into 8 Metallicks or Metecalles (this is the 
Turkif/b term for Drams) and one Rotule is 480 Metallicks, each of which 
weigh 1 { Pefo, and 10 Pefo make an Ongue, or Ongy; in fine, 50 Me- 
tallicks make a Turki/h Mark ; but 32 of them would conttitute ours. 

The MINA, MANEG, or MNA, in Egypt, weighs 16 Ounces; 
in Syria and Sudea 18 Ounces; but in fome other Places it is found 
that the Ancierit Grecian Mina weighed 100 Drams. 

The POUND, which in Germany is called the Pfundt, in the Low- 
Countries, Pond, and by the Poles, Funt; is in great requeft all over 
Europe, and well known to moft Nations of the World. But as it is 
very varioufly divided by different Nations, and is obfetved to be very 
much altered as to Weight, and the Number of {maller Weights it is 
divided and fubdivided into, I fhall enlarge a little more than ordinary 
upon this Subject, and infert here its Differences and unequal Divifions, 
as practifed in the feveral Provinces and Cities of Europe. For thisonce 
I fhall follow the Order of Marius Merfennus, who was a very nice Man 
in his Obfervations: I have taken Part of what follows from a Treatife 
of his, of Medfures, Weights and Coins. He begins then with the French 
Pound, with which he compares, and to which he reduces the Weight 
of thé Pound in feveral other Countries. Firft he divides the French 
Pound into 16 Ounces, the Ounce into 8 Drams, the Dram into 3 Scru- 
ples, or Deniers; {o that the whole Pound contains 384 Scruples or De~_ 
niérs in all; the Scruple is divided into 24 Grains, by means of which 
Divifion the Ounce will contain 576 Grains, and confequently the whole 
Pound is 9216 Grains: As to the Grain, though it is a very fmall and 
inconfiderablé Part of the Pound, yet he fays the Goldfmiths in France 
ufually fubdivide it into 512 Particles. He then affures, that he tried 
and found jy: of a Grain weighed at leaft as much as 40 Particles or 
Grains of Sand, fron whence it follows, that a Particle of Sand weighs 
S.zn0 Of the Grain of an Ounce. 

Having thus afcertained the French Pound; he teaches a Method by 
which Comers may make their Grains as nice as pofhble; viz. They 
muft firft divide the Pound into 16 equal Parts, or Ounces; then fubdividé 
each fixteenth Part, or Ounce, again into 24 equal Parts, which will be 


Deniers, and. then each Denier into 24 otber equal Parts, which will be 
L Grau, 
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Grains. This laff Divifion may eafly be done with a little Plate of Cop- 
per or Silver, very thin and longifh, that tt may be conveniently divid- 
ed into 24 Particles or little Plates; but Care muft be taken that the 
Plate is equal and uniform throughout ail its Dimenfions. Some (fays 
he) think it may be done with more Exatine/i with Brafs or Iron Wyre, 
as being more even and regular than Plates of Copper or Silver; but (to 
‘fay my Thoughts concerning this Method) if they feek after an extream 
Quality, by Pieces of Wyre, they take a wrong Method to find it; and 
the reajon ts, becaufe the firft End of the Wyré that paffed through the 
Hole or Mould, widened it in fome Degree or other, and thus that which 
came through after it will be bigger, and confequently heavier than 
the firft. This Inequality has been fificiently examined, by the Gold 
Weights, and difcovered by the moft exact Scales, and it 13 impofible to 
remedy it, whether you file the Wyre or cut off any Part of it, fo that 
you will never this way find out that perfect Geometrical Equality 
which you fought after. 

Having done with the French, he proceeds to the Roman Pound, which 
differs very little in its Divifion from the firft. For it is divided into 12 
Ounces, the Ounce into 8 Drams, then into 24 Denters, or into 612 
Grains. Now the different Weight of the French and Roman Pound, 
appears from the Experiments he himfelf made; for he fays that the 
Difference between the Romaz and French Ounce, is 40 French Grains, 
and that the Roman Dram is 67 French Grains, and confequently that 
the French Dram is 5 Grains lreavier than the Roman; and that the 
Roman Pound is equal to 11 Ounces, 1 Dram, and 1 Dexier : Now if you 
reduce this into Grains, you will find that the Grains .of the Roman 
Pound will be equal to 6432 Grains of the French Pound, and confe- 
quently that the French Pound will be to the Roman Pound as 9216, is 
to 6432. 

In the third Place he gives us the Engli/h Pound, which is what the 
Goldfmiths particularly make ufe of to weigh Gold and Silver, and 
which they commonly call Troy Weight. ‘This Pound is divided into 12 
Ounces, each of which is heavier than the French Ounce, by 10 French 
Grains. ‘Thus the Proportion of the French to the Engh/h Pound is as 
g216 to 7032. The Merchants of this Ifland have another fort of 
Pound, which they divide into 16 Ounces, and which they call voir- . 
. dupois; the Ounce of this Pound is 40 French Grains lighter than the 
French Ounce, and confequently equal to a Roman Ounce: Thus this 
whole Pound is equivalent to 14 Ounces, 7 Drams, and 1 8 Grains of 
French Weight. From this we infer that the French Pound is to the 
Englifh Pound of Avoirdupois Weight as 9216 is to 8586. Now as it 
happens that the Ounce of Troy Weight, which being 10 Grains heavier 
than the French contains 840 Grarns; it is plain chat the Engh/b Grains 
are + and half lighter than the French Grains. And thus as thefe Grajns 
are of the fame Weight in one and the other Bagii/b Ounce, confequent- 
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ly the Pound Avoirdupois of 16 Ounces, will be equal to 14 Ounces and 


an half Troy Weight. 

From England he goes on to the Lew Gountries or Halland, where he 
affures us he had often made the Experiment, and found, that the Lew 
Country Half Ounce, weighs half a French Grain more than the Fresch 
one. Thus the Dutch Pound of 16 Ouaces will weigh 9232 French 
Grains, and confequently the Proportion between the Frezch and the 
Dutch Pound will be as 9216 is to 9232. In the Low Countries they di- 
vide the Ounce. into 20 Anglics, (which the Dutch call Exgel/chen) and 
the Anglic is fubdivided into 32 Grains... Thus the Dztch Ounce will 
weigh 640 Dutch Greixs, and from thence it will follow that the Dutch 
Grains are about 4 lighter than the French ones. | | 

As to the Spani/b Pound, he does not pretend to know any thieg of ie 


by his own Experience; and only fays, that he has heard that it is equal 


to 15 Ounces, and 24 Grains of French Weght, But I find by Villalpan- 
dus, that the Poured is of three Sorts among the Spaniards (viz.) the Big- 
ger of 32 Ounces; the Mean of 16 ;. and the Lefer (which they call Mar 
gentaria) of 8 Ounces. 

I fhall here fubjoin the Divifions and Subdivifions of the Pound, in 1 fe 
veral other particular Provinces and Cities, from my own Experience, or 
from the Information I have had from others. © 

In Poland the Royal Pound is 32 Loths or Half Ounces ; each Leth 
weighing i % Sicilica; which in the Language of the Country are 
called Skeyciec ; ; therefore the whole Pound weighs 48 Sicihice. The 


Dantzic Pound is in like manner divided into 32 Loths, and the Leth in- 


to4 Qyarters, which they alfo call Qysntleyn ; the Qyarter into 4 Seferes 
or Ponderal Nom#Aules. Confequently the Dantzic Pound is compofed 


of 612. Nommules. Now fince, it happeng that 32 of thefe Nommaies 


make an Ounce of a Pound, it will neceflarily follow, that 4 Nozemules 
will make a Dram, and thus a Nommule will weigh 18 Grains; from 


whence it will follow, that the whole Pound will be compofed of 9216 


‘Grains, which are equal in Number to the Grains that conftatute the 
French Pound, as we have before obferved from Merjenrus: Now in or- 
der to know what Proportion a Grain of the Dantzic Pound, may’ bear 
to the Grain of a French Pounds pleafe to take notice of what follows, 
Peter Crugerus, one of the moft famous Mathematicians in Dantzic, af- 
fures us (in a little Treatife of Arithmetic which he wrote in Germany ;) 
he had often experienced that the half Pound of Cracow (which the 
Poles call Grzywna, and the Germans Marck) weighed 16 Loths; and 12 
Notmmules of Dantzic; that is, that the half Pound of Cracow is 12 
Neommules heavier than the half Pound of Dantzsc of 16 Loth. From 
whence we may conclude, that the Dantzic Pound is to chat of Cracow, 
as 9216 is to 9648. But inafmuch as it is the moft current Opinion; 
amongit Gold{miths, as well as the moft received one amangft the ge- 
_— of the Peles, that the Gracevien half Pound oughs to. weigh 7 
mpes 
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Imperial Dollars, or Silver Crowns, and inafmuch as thé aforementioned 
Peter Crugerus fays he himfelf tryed and found that 7 Dutch Dollars 
weighed 16 Loths, and 12 or 13 Dantzic Nommules, and that upon a 
fécond Tryal, he found that 7 new Saxon Dollars weighed 17 Loths 
and one or two Nommules of Dantzic; it will follow that 7 Dollars 
want but little of being equal to the Cracovian half Pound; which a- 
grees very well with the common Opinion with regard to this matter; 
which on the other hand agrees with the Obfervations of Crugerus, who 
having taken upon him to examine the Weight of the Cracovian and 
Dantzic half Pound, we fhall particularly ftick to what he fays; that we 
may avoid the Confufion and Trouble, which a Diverfity of Obfervati- 
ons might introduce into our Difcourfe. 

But fince Mer/ennus in his Treatife of Mea/ures, &c. makes the Impe- 
rial Dollar and that of Burgundy or Flanders (which the French call Pa- 
tagons; and which are very well known all over the Low Countries ) to 
weigh 22 Deniers, or 528 French Grains, it will follow, that the Cra- 
covian Pound, weighing 14 of the-like Dollars, will be equal to 7392 
French Grains; and the Pound of Dantzic to 7061 of the like Grains. 
The Warfovian Pound is an Ounce lighter than the Dantzic Pound, as I 
myfelf have experimented, it weighing but 8640 Dantzic Grains; there- 
fore the Warfovian bears fuch Proportion to the Cracovian Pound, 2 
8640 does to 9648 ; that is, it is lighter by 1008 Grains, which are e- 
qual to one Ounce, 5 Drams, 2 Denters, and 21 Grains. But it weighs 
6619 % French Grains. ‘The Pound of Koningsberg bears fuch Propor- 
tion to that of Dantzic as 8121 } does to 9216, as appears by Peter Cru- 
gerus, who found that 160 Pounds of Koningsberg, were equal to 141 
Pounds of Dantzic. - The Pound of Vilna is equal to 29 and ;+ Loths of 
Dantzic, and weighs 8378 ;4 of Dantzic Grains. The Pound of No- 
remberg is equal to 11511 Dantzic Grains; ; therefore it exceeds the 
Dantzic Pound by 2295 Dantzic,Grains; which are equal to 7 Loths, 
3 Drams, 2 Deniers and 5 Grains. That of Cologne weighs 39 Loths 
and 3 Nommules, or 11286 Dantzic Grains; therefore it exceeds the 
Dantzic Pound by 2070 Grains, or 7 Loths, 2 Deniers, and 6 Grains of 
Dantzic Weight. In purfuance of an Imperial Mandate, the half Pound 
_ of Cologne ought to weigh 8 Imperial Dollars, which Crugerus fays he 
found to be the Weight of it; the whole Pound therefore muft weigh 
16 Dollars, and confequently it will bear fuch Preportion to the Craco- 
vian Pound, as 8 does to 7; or that it muft be £ or 2 Ounces heavier than 
that of Cracow. Crugerus moreover obferved that the Dutch half Pound 
(which is called Troy-gewicht, and Troy/che Marck by the Germans) 
weighs 20 Loths and 10 Nommules, or 5940 Dantzic Grains; therefore 
the whole Dutch Pound is equal to 11880 of the fame Grains, and-ex- 
ceeds the Dantzic Pound by 2664 Grains, or g Loths and one Dram; — 
whereas it exceeds the Cracovian but by 2232 Dantzic Grains, or 7 
Loths, 2 Droms, and 3 Nommules, From whence we may conclude, 

| that 
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that the Ounce of this Dutch Troy Pound, as commonly divided ‘into 26 
Anglics, or into 640 Grains (which fome mean by the Word -4/en) con- 
tains 742 ! of Dantzic Grains, and confequently that the Dantzic 
Grains are lighter than thofe of Holland: ‘The fame Dutch Ounce, (ac- 
cording to Willebrordus Snelltus, in his Eratofthenes Botanic. Lib. IL, Cap. 
'V.) weighs 9 Golden Rofe-Crowns, commonly called Rofen-Nobel or Rofé- 
‘Nobles, which Crigerus having tried, found that 4 of thofe Nobles or 
Crowns, weighed 2 Loths, g Nommules and ¢ of Dantzic; or 742 4 Grains. 
‘The fame Author in the fame place will have it, that this Ounce is equal 
to the old Roman Ounce. Again, if we compare this Batavian Pound 
with that of France, we fhall find that it weighs near g1o4 French 
Grains. From whence it is evident, that the above Obfervations of 
Mer/fennus, concerning the Dutch or Batavian Pound, differ from this 
laft ; inafmuch as Merfennus has made the Dutch Pound to weigh 9232 
French Grains, whilft Crugerus allows it to be equal to no more than 
g104 of the fame Grains ; fo that there is a Difference of 128 Gratzs 
between them. The Pound of Elbing is exactly equal to that of Dant- 
zic. But let us now proceed to the Divifions and Subdivifions of the 
Pound, as they are varioufly practifed in feveral other Provinces and Ci- 
ties. As for Example ; at Rome, Florence, and Bologna, they have a 
certain Pound of 30 Ounces, with which they commonly weigh Wax 
and Wool. At Milan, Pavia, and Cremona, the Pound with which 
they weigh Fleth, is 28 Ounces. At Ventce the Pound -is divided into . 
42 Ounces, 72 Sextules, 1720 Sihcs, and 6g12 Grains. At Vienna in 
Auftria, the Pound is divided into 32 Loths, 128 Quints, 512 Deniers, 
and 12800 Grains. AtAntwerp the Pound is of 16 Ourices. At Bruges 
in Flanders of 14 Ounces ; but at the fame Place they have another fort 
of Poxnd, which {s divided into 16 Ounces; therefore the too Pounds 
of 16 Ounces each, are ¢qual to i108 Pounds of 14 Ounces each: At.the — 
farne Place they fubdivide the Ounce into 2 Loths, the Loth into 4. Si/a- 
nits, the Sifanit into 2 Drams or Qyints. In the Kingdom of Fez, the 
Pound is of 18 Ounces, - . 3 , 

In thort the Medicinal Pound, which is properly the Old Roman Pound, 
is divided into t2 Ounces, into 24 bualf Ounces, into 69 Drams, into 
288 Scruples, into 576 Oboll, into 1728 Ssitca, and into 5760 Grains. 

I fhall here fubjoin the Characters ufed by Phyficians, Apothecaries 
and Surgeons, to exprefs all the Parts of a Pound: for Example; the 
Pound is expreffed thus 1b; an Ounce 3 j ; two Ounces 3 ij, and fo on till 
you come to half a Pound, which is thus exprelfed Ibfs;a Dram 3 ]3 two 
Drams 3 ij ; and {0 on to Eight: The Scruple thus 5s and the Graitt 
thus gr: Pleafe to obferve that we fhall make ufe of thefe Characters for 
the future, to avoid the too frequent Repetition of the Words. | 

There are 9 Vefflels of Metal, made like Cups, that anfwer to the 
Weight of one Pound. The firft with all the reft in it weighs one Pound, 
or 16 Ounces, arid by itfelf $ Ounces, The Second with thofé contained 
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in it weighs 8 Ounces or half a Pound, and by it felf 4. Ounces. The 
third with thofe contained in it 4 Ounces, and by itfelf 2 Ounces, 
The Fourth with &c. 2 Ounces, and by itfelf 1 Ounce. The Fifth 
—&e. 1 Ounce, and by itfelf 4 Drams. The Sixth &c. 4 Drams, and 
by itfelf 2 Drams, The Seventh &c. 2 Drams, and by iclelf 1 Dram. 
‘The Eighth &c. 1 Dram, and by itfelf 1+ Scruple. And the laft 
33 Scruple or 36 Grains. 

Obferve here that we have faid, in the former Part of this Chapter, 
that the Hebrew Shekel, according to Merfennus, weighed 268 French 
Grains; but fince Merfennus, in Lib. EX. of his Treatife of Meafures, 
Weights and Coins, will abfolutely have it, that the Imperial Dollar an- 
f{wers nearly to 2 Shekels, inafmuch as 2 Shekels are equal to 536 French 
‘Grains; it muft follow that 28 Shekels are equal to 14. Imperial Dollars, 
each Dollar weighing 536 French Grains; which being compared with 
the Cracovian Pound, it will infallibly be found to weigh 7504 French 
Grains. Again, the Low-Country Pound (whofe Proportion to the Cra- 
covian Pound we have already confidered) will be found to weigh g104 
of the fame Grains; which Number, as it does not differ very much 
from the Obfervations of Merfennus, as to the Proportion that this 
Pound bears to that of France, feems to me to be the moft reafonable, 
and therefore I choofe to ftick by this Proportion; for I am of Opinion, 
that Merfennus has afligned a Weight to the Imperial Dollar which 
would have agreed better with the Flemm/h Patagon; this latter being 
in fome degree different from the former, whether as to Purity of Sil- 
ver, Value and Weight, it being commonly lighter. But I thall leave 
this to the Decifion of thofe who are perfettly skilled in what relates 
to Money and Coins. : 

The MARK of Money, which the Latins called Marcha and Libra, 
Nummularia, or Nummaria, and which we fhall call with them the 
Nummular Mark or Pound, is much ufed by Monneyers, Goldfmiths, 
and all thofe who are cencerned in the Manufacture of Gold and Silver. 
In Poland, that of Cracow is 8 Ounces, or 16 Loths, which are equal to 
17 Loths, 7 Nommules, and ; of Dantzic. That of Dantzic weighs 
alfo 16. Loths, or 256 Nommules, or 1024 Quarters. The proportior 
of this to the above-mentioned half Pound of Dantzic is as 4054 is 
to 4608 ; that is, that the latter exceeds the former by 554 Grains, 
which are exactly 1 Loth, 14 Nommules, and 14 Grains. The Dant- 
_ xic Mark is particularly ufed in weighing Silver, and is divided into 
24 Sicilics, each of which is fubdivided into 4 Quarters; but that 
with which they weigh Gold, Pearl, and all forts of Jewels, is divided 
into 24. Carats,eachof which weighs 12 Grazas, or 4 Qgarters. The Mark 
of Elbing, is the fame with that of Dantzic. That of Antwerp weighs 
8 Ounces, or 160 Anglics, or 5120 Grains; there likewife the Anglic 
is fubdivived into 6 Carats ; thus 960 Carats conftitute a Mark of Ant- 
werp; 200 Of which Marks arc Aiquiponderant with 105 common 
7 Pounds 
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Pounds. of the fame-Place. The Dutch Mark is 8 Ounces, the Ouncé 
24 Nommules, and the Nommule 24 Grains. ‘The Roman Mark is 8 
Ounces, the Ounce 8 Drams, the Dram 3 Scruples, the Scruple 2 Obolt, 
the Obolus 3 Silics, and the Silic 4 Grains. The French Mark, ac» 
‘cording to Merfennuas, is 8 Ounces; but we have already faid enough of 
its Subdivifions. "The Venetian Mark is likewife divided into 8 Oun- 
‘ees, into 32 Qyarters, into 11§2 Carats, or Siltcs,.ahd into 4608 
Grains. The Nummular ot Money Pound of Florence is divided into 
24 half Ounces, or Loths, into 288 Nommules, and into 6912 Grains. 
“The Golden Mark of Genoa is 8 Ounees, or 192 Nommules, or 4608 
Grains. At the fame place the Ss/ver Pound is divided into 12 Ounces, 
288. Nommules, arid 6912 Grains: The Money Pound of Naples is’ 14 
Ounces, or 96 Odfaves. In Portugal it is 8 Ounces, or 64 Odtaves, or 
288 Grains. In Mi/nia and Saxony it is 8 Ounces, or 193 Nommules, 
or 4608 Grains. And to conclude, that of Nuremburg is 16 Loths, or 
64 Quarters, or 256 Primes or Nommules, or 1024 Sixteenths, 

We have I think faid enough of the different Properties and Pro- 
portions ef Weights, as well Ancient as Modern; and I believe that no 
body will, after reading this, meet with any Difficulty or Doubt, con- 
cerning their Co-equations and Rafios to one another. I would only 
obferve to you, that if you are defirous of being farther fatisfied up- 
on this Head, you may have recourfe to afmall Flemmi/h Book, pub- 
lifh’'d by. an Anonymous Author at Amferdam, in the Year 1647, en- 
titled Trefoor van de Gewichten, Maten van Korn ende Landen, &c, 
from whence I borrowed a great many curious things, which are in 
ferted in this Chapter. After having reduced almoft all the Weights in 
the Univerfe, and compared them with the Ancient Roman Standard, 
and to one another; I have with the utmoft Care calculated a Table 
in a circular Form, the Ufe of which I thall illuftrate by the following 
Propofition. | 

Let there be given (for Example) a piece of Ordnance made in Italy, 
that carries a Ball or Bullet of 60 ib Roman;to know how many 
Pounds of Amfterdam it would weigh; you may proceed in the fol- 
lowing manner (viz.) as 100 Ib Roman, are to 76 tb of Am- 
frerdam, in the given Table, {0 is 60 1b Roman, which is the Weight 
of the given Bullet, to the Weight of it in Amferdam Pounds, which . 
was required. This being performed after the common way, you 
Will have 45 3 1b, which will the Weight fought of the given. 
Bullet. This will hold good in all the like Cafes, and it will be. 
impoffible for you to err, if you follow the Rules we have laid 
down. | 

I thall here, by way of Corollary, fubjoin fome Remarks taken from 
Merfennus's Book of Meafures &c. to prevent our being no more per- 
plexed by the Defeét, and great and frequent Imperfection of Weights, 
than by the great Difference and Variety between them ; but that on 
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the contrary, when we meet with any thing -of this kind that cannot 
poflibly be rectified by our uemoft Induftry and Application, .it may be 
given over and rejected, in confideration of that:great Degree of Incer- 
titude, that infeparably accompanies almoft every human Action. | 

Having carefully fought after the Caufe of all thefe Differences and 
Defeéts, which could no ways be attributed tothe Balance, nor to the va- 
rious Tenour of the <r, no more than to the breathing of thofe who lifted 
up or beld the Balance, which may feem to have atraublefome Effect, and 
to difturb the equilibrium ; Jat length found out, that all this Diverfity 
proceeded from the Standard Weights, which are kept in Town Halls and 
Mints, for the Examination of all other Weights; znafmuch as thefe three 
Models or Standard Weights, of which the biggeft 1s 64. Marks, the mean 
32, and the leaf 16, or 32, 16, and 8 Pound, do not fo exattly corre- 
fpond with each other, but that there 1s a Dsfference between them of feve- 
veral Grains; by which means the Ounce of one ts not exatily the Ounce 
of the other, But that we may not rafbly accufe the Wardens, who have 
the keeping of thefe Weights, nor the Workman who made them, of either 
Negligence or Difbonefly: I muft bere fay, that it ts a very bard Matter, 
or that in fhort it is impoffible that thefe Weights, det them have been made 
in what Manner, or of what Material foever, nay tf their Confiftence bad 
been as durable as Adamant, to preferve ther original Sizé in its utmoft 
Extent, or that nice Proportion with which they were at firft endued. 

Let there bé (for Example) two Brafs Weights of one Pound cach, 
adjufted to ¢ach other with all the Nicety that the Induftry of Man 3s ca- 
pable of, yet this nice Equality cannot always, (nor indeed for any confider able 
time,) remain in that extream Degree of Perfection as you may imagine; 
and the reafon of it 1s, becaufe, as thefe Weights are from time to time 
handled, in the daily Examination of other Weights, they wear out or 
wafte a iittle by that Means, fo that the more they are handled or moved 
about, the lighter they will become: from whence it happened that the fa- 
mous Examiner of Weights, Semillardus, di/covered bis Mark, or half 
Pound, to have lof 3 Grains of its Weight in 2 Years time; which con/e- 
quently would have diminifbed it 300 Grains in 200 Years, and in fhort. 
an entire Qunce or 576 Grains in the Space of 432 Years. 

But you may fay, in anfwer to this; that thefe two Standard Weights 
Should be equally handled, as often as there is occafion to make ufe of them, 
to the end thet the one may be leffened in an exat Proportion with the o- 
ther; but to this I reply (not to mention the Difficulty of managing fo, as 
that both fhall be agitated with an equal Motion, and handled fo nicely a- 
like, that a Perfom might fay he bad equally leffened them) who is be that 
can boaft of knowing perfectly how much bis firft handling wore them, bow 
much tt wore them in a Year, or indeed in an Age? Let us therefore con- 
clyde, that we can be fure of nothing uton this Head, no more than in _/e~ 
vergl other Cafes wherewith we in vain perplex ourfelves. Let us be well 

Satisfied, tf there frould be a Grain » two of Difference between two 
4 Weights; 
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Weights; which is fuch aTrifie, that it cannot well be faid to be injurious 
either to the People or the State; for to what purpofe fhould we feek after 
that Geometrical Perfection, which ts not only incompatible with all Human 
and Mechanical Things; but alfo, abfolutely inconfiftent with the Weaknefi 
of our Nature? | | 


CHAP. XL 
Of Weghng INSTRUMENTS. 


W E ufually examine all manner of Weights, with two forts of In- 

frruments, viz. the Balance, or Scales, and the Steel-yard, which 
fome call the Statera Romana. We thall here fet forth in the moft con- 
cife Manner we are able, the Origin of both the one and the other of 
them; their Properties, their Ufe, their particular Forms and Figures, 
and in fhort the manner of their Conftrudtion. 


Of the BALANCE. 


Some will have it that the Balance, and Steel-yard derive their Ori- 
gin and fundamental Principles, from thefe two general Axioms in Me- 
chanicks (viz.) that Equal Weights weigh equally at equal Diftances, 
but unequally, at unequal Diftances: and this other, that unequal Weights 
weigh unequally at equal Diftances, but that they weigh equally at unequal 
Diftances, provided that their Diftances are in a reciprocal Propértion to 
thar Weights. Thofe who would be fatisfied as to thefe Demnonftrations, 
may find them in Guido Ubaldus, Galileus, Simon Stevin, ‘fobn Buteo, in 
Guevara, and feveral other Mechanical Writers, who have enlarged 
very much upon this Subje€t. As for me, though I know that this 


' Matter has been very learnedly treated of by a great many, I yet 


think they have left me fome little to fay; or at leaft I may have leave 
to entertain fuch as are Lovers of the Mathematicks, with an Abridge- 
ment of what fo many others have difcourfed of fo largely, and demon- 
{trated with fo much Prolixity. I fhall then endeavour to render my 

Effay ufeful by means of one Figure, which I fhall here give you. 
Suppofe, for Example, that the Right Line A, B. in Fig. 11, be the 
Brachia or Beam of the Balance, and that G is the Axis or Center. Now 
let us fuppofe that A and B are eguidiffant from G, and the Weights 
fufpended at thofe two Points will infallibly eguiponderate, if they are 
equal to one another; it being very evident from our general Pofulata, 
that two Bodies of the fame Weight, and at equal Diftances from their 
common Center, are in Equilibrio, in the Point of their common Con- 
junction, and in the Termination of their equal Diftances. Thus the 
7 N 7 Bodies 
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Bodies E and F, being fuppofed of equal Weight, and the Right Line 
A and B, by the Extremities of which they are fufpended, being di- 
vided in fuch a Manner, that A, G, and B, G, are equal, and A and 
B eguidifant from the Center, it will neceffarily fotlow chat the Point 
of Aquilbrium of both Bodies is in G, which it would not be if they 
Gid not weigh equally, or if they had been fufpended at unequal Di- 
ftances; neither of which happens in the prefent’ Cafe. But you 
muft obferve here, that the Weghts muft hang by Lines that are per- 
fe@ly perpendicular. For fuppofe the Body E be fufpended at the Point 
K, and that the Right Line G, K, be equal to the Right Line A, G, 
or G, B, and that the Line of Direction K, I, by which the Body E, 
tends towards the Center of the Earth, interfects the Right Line A, B, 
inI; now becaufe G, I, is not equal to A, G, or G, B, the Bady E 
will no longer eguipanderate with F fufpended at B; by which it muft | 
plainly a that for Bodies to ke in Lguilthria, it is not only necefla- 
ry that they be of equal Weight, but likewife that they be eguid/tent 
from the Center of the Balaxce. 1 thal now fhow you the Figure of it, 
and furnifh you with fome ufeful Obfervations concerning the nice Con- 
ftruction and Examination of it. 

In Fig. 12. you have the Form of the Beam ar Brachia of the Ba- 
lance; whereby Smiths, Scale-makers, &c. may fee how to adjuft them. 
The right Line A, B, is the fundamental Line of the whole Machine, 
which is exaCtly divided in the middle by the Right Line C, D, in the 
Point E ; to this are joined two others that are parallel to it, and equt- 
diftant from E (viz.) F, G, and H, f, divided in the like manner by 
C, D, in K, and L; from L defcribe with the Line L, M, the Circle 
M, N, W, P, divide the inferior Semi-diameter of this Circle inta 4 
equal Parts, at the Points L, O, and R, and fram thence you may eafily 
know the Diftances of the Parallels G, F, and H, I,from the Line A, B, 
(viz.) the eighth Part of the Diameter M, W, or the fourth Part of the 
Semi-diameter L, M. From the Point K, the Center of the Balance, de- 
{cribe a Circle with the prickt Line K, a, or E, K, which is included 
in the Square, b, c, d, e, and where Workmen cammonly put a kind 
of Nail or Axis which is round at Top, a little angular at the Bottom, 
and pointed at the End, upon which the whole Machine turns; now the 
Diameter of this Axis ought to be very little lefs than the Semi-diame- 
ter of the Circle included within the Square. This xis is fixed in an 
Handle, (the Figure of which you may fee under the Letter B,) which 
fuftains the whole Burthen of the Balance and Weights. The Brachia 
A, E, and FE, B, are meafured from E, and terminate always in the 
Lines M, W, or P, N, fix, eight or more times meafured from E to- 
wards A or B. Obferve here, that the longer the Braclia are, the nicer 
will the Balance be. They make the Fulcrum of the Beam after this 
manner, (viz.) Defcribe a Circle from L with the prickt Line L, D, or 
L, C, (which is equal ta of the Semi-diameter L, M,) then divide the 
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Periphery of it into 6 equal Parts in the. Points C, S, h, D, g, V,, then 
through the Points g, V, and h, S,. produce the sight Lines g, 'F, 
and h, Q_, till they join the right Line T, Q_, drawn parallel tq the 
sight Line A, B, through the Point C: Now if from T, and Q_, you 
defcribe the Segments V, f, and Z, S, the upper part of the Bears will 
be.formed. Then from P, and N, fet the Diftance between P, U,, and 
N, S, towards X and Y; and from I and H, draw the right Lines y, I, 
and H, X, towards Y and X, and you will have the thicknefs of the 
Brachia. Moreover from, the Poims ¥, D, and D, Y, between X, D, 
and D, Y, let there be the equilateral Triangles, X, D, i, and D, Y,k. 
Jn Short, having defcribed the two Segments X,D, and D, Y, from the 
Points k andi, you will have the lower parte of the Beam formed. The 
Irutrus, or Cock C, M, muft be as long ag one of the Brachia. The 
Heads or Buttons of the Brachig A, B, are made by certain {mall Cix- 
cles defcrsbed round A and B, with the prickt Line of a quartey of the. 
Seuni-cdiameter M, Q; tha fmall dxes at the Heads of the Brachia, of 
Paints of Sufpenfion from which the Scakes commonly hang, are made in 
the &me Formas the great Axis im the Center of the Balazce. We may 
eafily determine their Proportion by making fmalk Squares under A and 
B, between the parallel Lines A, B, and H, J, the InterfeGion of whok 
Diagonals will give their Centers, from whence {mall Circles may be de- 
feribed in their juft Proportion ta the ass of the Balance, in the Form 
of which they muft be wrought. 

The Scaks muft be of equal Weight; and if the Ropes or Chains (by 
one af which great Scales are always fufpemded) are af the Length of the 
‘whole Beam they will be the more exa&. This ig what I had tq fy 
with regard to the Conftruction of the Balance, which is fufficient for 
this time. I thall now fubjoin fome Obfervations which I have taken 
from good Authors, which may be of ufe to. you in judgipg of the Per- 
fe&tion or Imperfection of any Balance whatfoever. 


OBSERVATION I. 


The longer the Balance is the mare exact will ic be, inafmuch. as ie’s 
Braehia defcribe a larger Circle than the Braciea of {mall ones; from 
whence alfo in large Batauces their Velocity is encreafed, they heing lef 
attracted by the Center to a circular Motion, which is unnatural to them; 
and, on the contrary, lefs hindered from a reétilinear or perpensicular 
Motion, which is natural to them, and by which the Extremities of the 
Brachia would defcend, if not confined and carried round by the Cen- 
ter of the Balance; therefore the longer the Brachia are, the more free 
and unconftrained will their Motion be; thus the greater the Ciscumfe- 
rences they defcribe, the nearer will cheir Motian approach to a right 
Line: If to this you objet, that great Seales are not near fo nice and 
exact as the fmaller which are ufed by Lapidaries and Gold{rmiths ; thar 


is 
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_ is entirely owing to the coarfe and ftubborn Materials, of which large 
Balances are commonly made, whereas the {maller are curioufly wrought 
and polifhed. ‘To conclude; the Ratio of their Velocities is as the Dia- 
meters of the Circumferences or Circles they defcribe ; and the longer ~ 
the Brachta of a Balance are, by fo much will they be more fenfibly 
a€ted upon, by the Weights fuipended from them, and will defcend 
ae the greater Velocity. 


OBSERVATION IL 


| Scales when without Weights may be in Aquilibrio, though at the 
fame time they may be fubject to Deceit. For if the Axis or Center of 
Motion is not exactly in the middle of the Beam, and the Scale that 
hangs by the fhorteft Brachium is made of knotty Wood, or has had 
melted Lead poured any where into it, the Balance may be in perfect 
fEquikbrio. Let the fhorteft Brachium, for Example, be divided into 
ro Parts, and the longeft into 15, and let the Scale fufpended by the 
Latter weigh 10, and that fufpended by the Former weigh 165 ; and their 
Weights and Diffances being by this Means in a reciprocal Proportion, 
they will be in Agu:hbrio; and fo they will continue to be if you put in 
the Scale of the fhorteft Brachium a Weight of 6 Ounces, (for Example) 
and in the other a Weight that is to 6 as 10 is to 15; upon this Account 
it was, that Ariffotle (in his Book of Mech, Queft. I.) rebuked fo tharply 
thofe Dealers in Purple ; for 4 being to 6 as ro is to 15; they certainly 
fold 4. Ounces of Silk for 6, which was very unjuft. But you will eafily 
difcover the Deceit by reciprocally fhifting the Wezgbts from one Scale to 
the other. : 


OBSERVATION IIL. 


It is not fufficient to allow for the Length of either of the Brachia by 
adding a greater or leffer Weight to either Side; for it is better not to 
admit or truft to this Method of making amends for the different 
Lengths of the Bracha, though it might in fome fort be allowed: But 
be affured that the nearer the Brachia are to an Equality between them- 
felves, the more certain and ufeful the Balance will be: And if ever 
you are obliged to make ufe of fuch that are not fo very perfect, you 
cannot be too cautious in preventing Errors and Miftakes. 


OBSERVATION IV. 


The Plane upon which the Scales of the Balance are at reft, or in. 
fEquilibrio, ought to be perfectly Horizontal, and exactly upon a Level ; 
for if the Scales do not reft upon one and the fame Plane, but that on 


the contrary one of them is depreffed and the other elevated, they will 
4 “not 
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rot in that Cafe be in Zguilibrio; notwithftanding they might be fo 
when they were both upon the fame Horizontal Plane; but that which 
is deprefled will overbalance that which is elevated, nor will the Ba- 
lance readily reftore itfelf to an Horizontal Pofition ; becaufe the Pref- 
fure which compelled one of the Scales to defcend, remains imprefied 
a confiderable time after it is down; let therefore your Scales be gently 
brought to the fame Plane, that you may find whether or no they will 
be in eguiltbrio. a : 
Of the STATERA ROMANA commonly called the 

| STEEL-YARD. 


Although what I have faid of the Balance, might be fuffigient to illu- 
ftrate the Nature, and Properties of this Machine ; yet as it differs in its 
Conftru@tion from the Balance, I hall, (to prevent the Confufion and. 
Perplexity that might arife from their different Form) fubjoin fomething 
particularly relating to-it. Let us look back to Fig. 11. where the right 
Line A, G, C, reprefents the Beam or Brachia of the Steel-yard, whofe 
longeft Brachium.is G, C, and its fhorteft A, G; G being the Axis or 
Center of Motion. Let the Proportion between A, G, and G, C, be as 
1to 10; now if the Weight fufpended at A weighs 10 Ib, and thar fuf- 
pended at C, weighs but one Ib; they will be in Zgusibrio. For according 
to what was laid down in the laft of the two Mechanical Axtoms ; (viz.) 
that unequal Weights will equiponderate when fufpended at Diftances that 
are in a reciprocal Proportion to their Weights; it muft follow, that as 
A, G, is but a tenth part of the Brachium G, C, and the Weight fufpend- 
ed at C being but a tenth part of the Weight fufpended at A, chat their 
Weights and Diftences being thus in a reciprocal Proportion to one ano- 
ther they will eguiponderate. Some will have it that this Aiguilbrium 
is produced by the fmaller Weight’s having ten times more Motion and 
Velocity, as it defcribes a Circle ten times greater than the larger Weight ; 
for, as we have faid elfewhere, the farther a Point is removed from its . 
Center, the greater Circle will it defcribe ; fo that if any Werght be fi- 
tuated at 10 Feet from the Center of Motion, it defcribes a Circle ten 
"times greater, and goes through ten times the Space, that a Weight which 
is but one Foot from the Center does in the fame time; thus the Velocity 
of the {maller is equal to the Gravity of the larger Wezght. . | 
We have faid enough of the Properties of the Steel-yard, let us now 
proceed to confider the Conftruction of it, as it is reprefented Figure 13. 
We mutt firft then look upon the Right Line A, B, C, as the Fundamen- 
tal Line of the whole Machine: The Diftance between A and B, being 
the fhorteft Brachium, and that between B and C, the /ongef#; you may 
fuppofe the Proportions of them to be in what Ratio you pleafe; but in 
this Cafe the Brachia are to one another as 1to5. The Fulcrum of the 
Steel-yard may be conftructed after this manner: Let the Diftance be- 
tween A and B be divided into 5 equal Parts ; from B, the Center of the 

O | Steel 


so 0—- Of the Great Art of Art MLLERY. 


Steel-yard raife the perpendicular B, D, upon. the Right Line. A,C;. and © 


upon the Line B,D; fet off towards D, y-of the Diftance between. & 
and: B; let the Perpendicular B, D, be continued. downwards as. faz.as. E, 
to the length of ¥ of the Diftance between A and B, fo that the-whole 
Line D, E, may be equal: to the Diftance between A and B, From the 
Point E, upon E, D, extend'a Perpendicular on the Right and Left to the 
Points G and F, each of them equal to 3 of the fame Diftance, and 
compleat the two Squares E, F, H, Q_, andE, G,I, Q_ : From Gand 
F, with the prickt Lines G, E, and F, E, defcribe the Segments or Arch- 
es H, E, and E, I; this done, the Jower Part of the Inftrument will be 
formed. Now to conftruét the upper Part, let the two Perpendiculars 
D, M, and D, N, be produced to D, E, equal to § of the Diftance be- 
tween A and B; let them be continued to L and K to the Length of 3 
minus 5 of the aforementioned Diftance. Then from L and K defcribe 
the Arches P, N, and M, O, with the prickt Lines K, N, and L, M; and 
thus you will have the upper Part of the Stee/-yard conftructed. As for 
the Head or Button, it cannot be wrought after a better or more conve- 
nient Fafhion than what I have drawn in the Figare, (viz) If i ay the 
Circle 8, U, T, X, Z, whofe Diameter going through the Center is } of 
the Diftance between A and B you make fmall Mouldings or Roundings 
§, Z, S, U, U T, T aa: The Axes R and Y are the Height of } 
of the aforefaid diftance,” and are made with an Edge that nearly 
touches the Right Line A, C; you will have the thicknefs of the 
fongeft Brachium if from C to ff you take $} of the fame diftance I have 
fo often mentioned, and if from fF and C you draw the Right Line, ff, I, 
and C, P; in fhort, the Right Line 5, c c, being produced through the 
thiddle between them, it will give this Brachium the Refemblance of a 
Rhomboides in its Orthographical Figure. In fhort, you muft take the 
Axis ot Handle D, d d, equal to treble the Line A, B; and as for the 
three Ornaments that are commonly upon the Brachia and Vdxis of this 
{nftrument, they muft be referred to the Fancy or Difcretion of the 
Workman; but for fuch as are not Artifts, the Scenographical Figures ¥ 
have drawn, may fufficiently inftruét them. I have nothing more to 
fay upon this Head, except it be to fhew you a way of dividing the 
longeft Brachium, which is done by equal Parts, calculated for the Ex- 
amination or Determination of the fmalleft Weights that are ufed. I have 
faid above that in our Example the fhorteft Brachtum A, B, was to the 
longelt Brachium B, C, as 1 to 5; therefore upon the Brachium B, C, 
you muft diftinguifh the Diftances or Parts with {mall Lines or fuitable 
Numbers, beginning to reckon the Diftances from the Center of Mori- 
on B, and going on towards C; all thefe Parts or Diftances may be fub- 
divided into any Number of fmaller Parts, that fhall be deemed proper 
or neceflary. The Counter or Running Weight which hangs by a Ring, 
and flides along the Brachum, weighs fometimes one tb, fometimes 10 
I and 100, or more or lefs according to the fize of the Svee/-yard, the 
ufe 
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ufe of which muft appear evident to you from what I have been faying, 
and alt the Obfervations that can be made upon it are founded upon 
the reciprocal Proportion of Weights, and their Dyfances from the Cen- 
ter. But fince Fobn Buteo, and others have fpoken largely upon this Head, 
I fhall conclude. this Chapter wich fome Obfervations that are, in fome 
fort neceflary, for the right conceiving the Nature and Ute of this Ma- 
chine. 


OBSERVATION I 


You muft reckon the Diftances upon the Steel-yard from that Point. 
where it hangs and moves round freely, and the Points by which the 
Wegbts on either Side are fufpended. 


OBSERVATION I. 


Several Weights hanging at feveral Diftances on the longeft Brachium 
ef the Steeh-yand, may: equiponderate with a fingle Weight fufpended 
fram the fhorteft. To do this it is required, that the Produ@ of thae 
Weight, multiplied by its Diftance from the Center, be equal to the Sum 
~ of the Produéts of all the other =" — being multiplied by ity 
; Piftance from the Center. 


OBSERVATION IH, 


That it is upon the fame Principles with the Steel-yard, that the des 
¢eitful Balance is founded; which cheats by the ~~ of the 
Brachig. 


OBSERVATION IV. 


Of two Weights which feem to be, and are in reality in Zgpiligrio, the 
beavieft bears always fuch Proportion to the /ighfe/f, as the longe? Brq- 
chium does to the fhorte/f. From whence you may obferve thar the 
highteft Weights feem to weigh as much as the heavie/, which rhey 
in appearance only, by means of their reciprocal Difances from thg 
Center. Hence you may perceive, that for Bodies to he of equal Weight, 
and to @quiponderate, or be in Equilibria, are different Things. From 
which it follows, that if a Body twice as light, is at cwice the Dsfance 
from the Center as a Body twice as heavy; or that if a Body a thoufand 
times lighter, isa thoufand times more difant from the Center than g 
Body a thoufand times hegvier, they will be in Aguihibrjo. 


CHAP... 
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CHAP. XI. 


The Ancient and Modern Liquid and Dry Meafures care- 
fully reducd to the Weights. 


HE Colleétion that we have made of all the Weights which are ufed 
in almoft all the Diftri€ts of the World, and which we have treat- 

ed of in the Tenth Chapter of this Book, with the utmoft Exaétnefs 
and Brevity the Subject would admit of; leads us now to confider the 
Liquid and Dry Mea/fures in Ancient and Prefent Ufe, and to reduce them 
to the Weights; conceiving that it will be a Work not wholly unufeful to 
the Pyrotechnician, or others who voluntarily apply themfelves to the 
Study of the Mechanicks : But here both Reafon, and the order of Things, 
require us to aflociate and compare the Mea/ures with the Weights, be- 
caufe we frequently confound them together, and indifferently make 
ufe of both, without diftinguifhing between their different kinds. But 
before we enter upon this we muft premife the following Obfervation, 

Vi. | | 
: i both Liguid and Drythings vary infinitely with regard to Weighr, 
which does not only arife from the Diverfity of their Species, but we find 
it alfo in one and the fame Specie; fo that Water does not only differ 
in Weight from Wine, from O:/, from Milk, from Beer, from Brandy, 
and from other Liguids ; but we find alfo that there is an Inequality of 
Weight between Water and Water, Wine and Wine, &c. Again, we find 
that Wheat is heavier than Wheat, Rye heavier than Rye, Oats than Oats, 
Barley than Barley, and foon. Since then Things of one and the fame 
Specie agree fo little within themfelves, it can be no Difficulty to con- 
ceive, that they will greatly differ in We:ght from one another, though 
with regard to Mea/ure they may be equal, which you muft always fup- 
pofe. I muft therefore defire you would keep in mind, what I have al- 
' ready faid of the mutual Ratios ef Metals, Minerals, &c. And fince it is 
impoffible to afcertain the particular and exaét Proportion of any Liguid 
or Dry Things to others of different Species, I fhall here only fubjoin 
fome general Obfervations, and Experiments that have been made, to 
clear up this Intricacy: And Firft, : 

That Sea Water is naturally heavier than any kind of Fre/h Water : 
That of the different forts of Fre/h Water, Rain Water is the lighteft. 
Moreover that there is a great Inequality of Weight between River, 
Spring, Well, Pond, Rain, Snow, and Ice Water, and all forts of Water 
whether Hot or Cold. 

Again, Water weighs heavier at one Seafon than at another. Further- 
more, Water will weigh in a certain Proportion near the Place from 
whence it iffues out, and in a different Proportion after it has run fome 
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diftance from it; and if you obferve the Weight of Water before it is 
frozen, you will infalliby find it varied after itis thawed; to illuftrate 
this ; Experience evinces, that Ice is lighter than Water, by the former's 
fwimming on the Surface of the /atter. 

I fhall.defignedly pafs over feveral forts of Water of different Colours, 
Taftes, and Odours; nor will I take notice of fuch kinds of ic as are 
Glutinous, Bituminous, Aluminous, Sulphureous, or Salt; nor dwell 
upon thofe that inebriate and difturb the Brains of Perfons who drink of _ 
it. I fhall likewife be filent with regard to feveral Oily Springs, one 
of which Pliny defcribes in his xxxi Book, Chap. 11. near Sol a City in 
Cilicia; Theophraftus relates a Spring of the fame fort to be in Ethiopia ; 
Solinus {peaks of another in his Chap. xxiii; and Philander makes men- 
tion of another in his Remarks on Chap. iii, Book the viii, of Vitruvius ; 
but thefe I fhall pafs over, as well as feveral others, whether the Ac- 
counts given of them be true or falfe, the latter of which they com- 
monly are. I find nothing of this kind worthy our Obfervation, except 
what Caffodorus fays Book iv. on the Variety, in the Letter fent by Theo- 
doric firft King of the Ofrogoths to the Earl Apronian, (viz.) That Waters 
iffuing out towards the Eaft and South, are clear, fweet, and very whole- 
fome, by reafon of their lightnefi; but that on the contrary thofe that flow 
towards the Weft and North, are too.cold, grofs and unwholefome. Solinus 
relates fomething of this kind, in {peaking of the River Himera (viz.) 
That this River varied its Tafte as it changed its Climate, being bitter as 
it flowed towards the North, and fweet when 1t bent its Courfe towards the 
South. And doubtlefs the Diverfity of Soils through which Water 
flows may not only have an Effet upon the Jaffe of it, but upon the 
Weight of it likewife, by making it lighter or heavier than when it firft 
iffued out of its Source. But to fpeak one Word in general of Oily 
Springs, we may conclude they are much lighter than any others. If 
you are defirous of being perfectly informed of the Nature of Springs 
and Waters, confult Ariffotle, Seneca, Pliny, Cato, Varro, (where he 
treats of Country Affairs) Averroes, Palladius, Columella, Vitruvius, 
Frontinus, Boccace, and many others, who will fully fatisfy you upon 
this Head. I only thought myfelf obliged to fay thus much, to fhow 
the infinite Variety as to Weight, between Things of one and the fame 
kind in particular, and between one another in general. 

All forts of Wine are lighter than Water, but as they differ very 
much from one another they weigh differently ; for fo far are the Wines 
of Falernia, Crete, Spain, France, Italy, Hungary, Turkey, Wallachia, 
and feveral others from agreeing with one another in Weight; that on 
the contrary Cretan Wine differs from Cretan, and Falernian from Faler- 
nian; and thefe in general are lighter or heavier than the others we 
have mentioned. They tikewife weigh varioufly at different Seafons of 
the Year; in fhort, the newer any Wine is the heavier it will be, and she 


older it is, the lighter. | | 
P : | O1/s 
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Oth are lighter than either Water or Wine, as appears by their Proper 
ty of fwimming on the Surface of thofé ewo Liquids, though never fo 
much incorperated and mixed with them: but the different Specifick 
Gravities of Or! and Os/ are ftill more remarkable, for O:/ of Okves, 
Almonds, Wallnuts, Linfeed, Turnips, and ai that are made by a Prefs 
or any Engine of that nature, are much heavier than Os/s extracted by 
MAlembicks, Stills, Matraffes, and fuch like Chymical Veffels that are 
more artificial 

In fhort, all diftilled Waters, Spirets and Effences, prepared after the 
fame manner with O:2/s, weigh lefs than fuch Osis, let them be what 
they will; and thefe likewife differ very much in Weight from one ano- 
ther. I fhall not here enumerate an infinite Number of other Ligutds, 
whofe Specifick Gravities you may at your Leifure examine. ‘Fhis Re- 
fearch I fhall leave to thofe, who have more Time ta devote to their 
Curiofity; as for me, I have but tittle enough sete to treat on Subjects 
which are much more ufeful and neceffary. 

All forts of Grarm (as ¥ have already faid) vary infinitely with regard 
to Weight when of one and the fame Kind, and from one another when | 
of different Species; fo that it ts diffieule to afcertain any thing, as to 
the mutual Ratio they bear to one another. However, I fhalt infert 
what I have difcovered by Expertments. I fay then, that Weat is hea~ 
vier than Rye, Rye than Barley, and Barky than Oats; though their 
feveral Grains frequently vary a3 to Srae and Weight. Now many 
Caufes may be affigned for this Variety, whereof the Richnefs and Fertilicy 
of Soil is none of the leaft; for it is highly probable that fat Ground 
contributes greatly to 2 fine Crop; becaufe of its natural Maifture, 
which is better able to nourifh its Fruit, than a dry hungry Piece of 
Ground, that has not wherewithal to cherifh what it was naturally 
fcarce able to bring forth. 

The Second Caufe to which it may be attributed, is the various 
Climates and Regions, and the different Sitwation of Fields and Grounds 
in the feveral parts of the Earth: as Vergi/ has ic Georg. lib. 3. 


Hic fegetes, illic veniunt felicius wva : 
Arborei fetus alibi, atque injuffa virefcunt 


Gramina. 


In Exgk/b thus, 
This ground with Bacchus, that with Ceres fuits: 
The other loads the Trees with happy Fruits. 
A fourth with Grafs unbidden decks the Ground. 
Dryden. 


And truly this matter deferves our Confideration, inafmuch as we 


are aflur’'d by Merchants, who are the moft experienced in this 
Branch 
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Branch of Trade, that. the mferdam Madde of Polith Wheat, or of 
any of its circumadjacent Provinces, weighs. 150 TB; that the fame 
Meafure of French W beat weighs 180 16; of Serdinian, 220 Ib; of Si- 
cilian, 224 tb; of Beotian, 23016; and of African Wheat, 236 Ib; 
Hear now what Vitruvius fays upon this Subject, Lib. VIII and 
Cap. III. —_ 

ee be Variety of the Fruits of the Barth, fuch as the Canes and Reeds 
of Syria and Arabia, and the feveral forts of Odoriferous Herbs, and Aro 
matic Trees, Sec. all of fo different. a Nature ; is owing te the Wariety of 
Chimatés and Regions. This Diverfity of Climates dacs net ealy tn- 
fuuence the Vegetable World, but affects lkews/e the Animal Werld in as va+ 
sions amanner; and proceeds from the Inchnation, or Parallelifm 
of the Earth, and the Confequents of sts Oblique Situation, (viz.) the 
different Degrees or Portions of Heat dsftributed to the feveral Regions 
of the Earth, which are by thet means endued with particular Pro- 

FEES. . | : 
_ Again; the difference between Grain is owing to the Variety of — 
Seafons;. for continual Rains, and thick clofe Weather, will naturally 
make Corn poor and light; it being in fuch acafe impoflible for it 
to arrive at compleat Maturity, for want of that genial Warmth, which 
is neceflary to effect it. } | 
‘Je has not been without fome fecret Myftery, that the Husband- 
man has carefully obferved the proper times for Sowing his Ground ; 
he knows what Sced to fow when the Moon is in the Encreafe; what 
in her Wane; what to’ fow when her Horns are tharp-point- 
ed; and what, when the fhines out with her full and borrowed Lu- 
fire. ‘They are well acquainted with the different Situatians af the 
Heavenly Bodies; their Rifing and Setting ; and with every thing elf, 
that may prove hurtful to the Harveft, and ruin theis Hopes, at the 
very Inftant they commit them to the Bofom of all-bearing Mother 
Earth. Virgil very elegantly warns them upon this head in the Book 
I before quoted. 


Ante tibi Eaa Atlantides abfcondaatur, 
Guofiaque ardensis decedat fella Corona ; 
— Debita quam fulcis committas Semina, quamque 
Invite properes anni frem credere terra. 
Multi ante occafum Maia cepere: fed illos 
Expeftata feges vanis elufit arifiis. 
In Enghfb thus, 


But if your Care to Wheat alone extend, | 
Let Maja with her Sifters firft defcend, : 
And the bright Gnofan Diadem downward bend: 


g | | Before 
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Before you truft in Earth your future Hope ; 
_ Or elfe expe& a liftlefs, lazy Crop. 
Some Swains have fown before, but moft have found 
A husky Harveft from the grudging Ground. 
Dryden, 


From all this we may conclude, that it is impoffible to afcertain ex- 
actly the different Specifick Gravity of Grain and Seed. I could: fay 
much more to prove the Incertitude of this Matter, but hall forbear 
{peaking any farther concerning it. I fhall only here infert the Tefti- 
mony of Mer/ennus, to confirm the Truth of what I have here faid. 
Speaking of this Subje€t in the Preface of his Book of Mea/ires, 
Weights, &c. he tellsus, “© That having weighed all the Sorts of Graiz 
“and Seed ufually fold in Paris, he could hardly find two Grains of 
“ fame Specie, that exactly anfwered to one another, which rendering 
“ his Attempt uncertain, he gave it over; and that befides their being 
“ naturally different from one another in Size and Weight, they are fub- 
“ jet to fuch Alterations by accidental Moifture and Drynefs, and by 
“© che Evaporation of their finer Particles, that it is impoffible to afcer- 
“< tain the Specifick Gravities of Grain or Seeds; and that this Incer- 
““ ticude extends in fome degree to all natural Bodies. 

Secondly, In order to reduce Ligutd Mea/ures to the Weights which 
are in prefent ufe, we will, in the Sequel of our Difcourfe, fuppofe, 
that the Roman Menfural Pound was equal to 10 Uncie of the Ponderal 
Pound, or that they were to one another as 10 to 12; the Ponderal Pound, 
(as we have already faid) containing 12 Uncie or Ounces, and each 
Ounce 612 Roman Grains, and confequently the whole Pound muft be 
7344 Grains. By reducing this Pound to the other of 16 Ounces (as has 
been done ny feveral modern Pyrotechnicians) we mean that the Once 
-of this, or 7, of it, fhould contain 576 Grains; but thefe Grains will 
-not-be of equal Weight with the Roman Grains, theirs being lighter than 
ours; fo that 612 Grains of the Roman Ounce are equal to but 536 
Grains of our Ounce; and thus our Pound weighing 9216 Grains, is 
heavier than the Roman Pound by 2784 of its own Grains; confequent- 
ly the Roman Ponderal Pound weighed 6432 of our Grains, which we 
have faid from Merfennus in his Co-equation of the French and Roman 
Pound. As to the modern Roman Grains, we here fuppofe them to be 
equal to the Ancient (though we are not affured of that) and we have 
likewife reduced the Ounce of our Pound to an Equality with the French 
Ounce, becaufe its Grains agree nearly with the Weight of pick’d Bar- 
ley-corns; according to the old Example and Practice of the Greeks and 
Romans, as well as of the Hebrews, who firft made ufe of them. 

_ Thirdly, When in {peaking of the Mea/ures, we fhall fay that fuch a 

Meafure weighs fo many Pounds or Ounces; whether they belong to the 
Country where the Mea/ure is ufed, or to any City or nes in Ex- 

: : rope 
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rope that may be mentioned, thofe Pounds or Ounces may be eafily re- 
duced to what Weights you will; provided you have recourfe to the Me~ 
thod obferved in the general Circular Tad/e, the Ufe of which I have al- 
ready taught you; or if you keep in Mind the mutual Proportions of 
Weights, which we have amply difplayed in the Tenth Chapter of this 
Book. | 


The Liquid and Dry Meafures of the Ancient Romans. 


_ DOLIUM was a kind of Jar, or Earthen Veffel, which the 47- 
cients funk into the Ground to keep Wine; it contained 1 : Culeus, that 
is, 2400 Ib Men/ural, and 2000 tb Ponderal of Rome; but of our Weight 
139¢th, 13 Oun. 2 Dr. and 2 Den. 7 | 

. CULEUS was a Leathern Veflel, which held 20 Amphore of Li- 
quids, which is 1600 1b Menjfural, (witnefs Fannius and Columella,) and 
1333 lf, 4 Oun. of Roman Weight; and of ours 930 tb, 1 Oun. 1 Dr. and 
8 Gr. . 

MEDIMNUS wasa Dry Meafure, which held 6 Mods: or 2 _Am- 
phore ; that is, 160 1b Menfural, or 133 1b, and 4 Oun. Roman Weight, 
and 93 1b, 7 Dr. and 8 ‘Grains of our Weight. It held 144 Ib of © 
Wheat, Roman Meafure; and Columella tells us, they had another Dry 
Meafure amongft them, which held 10 Modii, from whence it was 
called DECIMODIUM. 

_ They had moreover a third Dry Meafure, more capacious than the 
two former, which they called TRIMEDIMNUM, becauteit held 
three Medimni, or 18 Modii, or 6 Amphora, or 480 tb Menfural, or 
4.00 1b Ponderal of Rome, or 279 tb, 2 Oun. 5 Dr. and x Den. of our 
Weight. | | : 

_HYDRIA was a great Pitcher to carry Water, and held 3 ! 4m- 
phora, according to Villalpandus upon Genefis; that is, 120 1b Menjural, 
or 100 Ib Ponderal, or 69 tb, 12 Oun. 5 Dr. 1 Den. of our Weight. 

CADUS of the fame Dimenfions with the Hydria, according 
to the Teftimony of Fannius, and held 108 fb. of Wheat. This (he 
fays) was the true Dry Mea/fure. | 

AMPHORA, or QUADRANTAL, (witnefs Cato, Fannius, 
Columella, Volutius, Metianus, and feveral others) held 2 Urna, and 
weigh’d 80 Ib Menfural, or 66 tb, 8 Oun. Ponderal; or 46 tb, 6 Oun., 
3 Dr. 1 Den. and 16 Gr. of our Weight. This was a Dry Meafure 
amongft the Romans, and held 72 1b of Wheat. Mer/ennus, in his Re- 
duction of this Mea/ure to the Parifian Pound, fays, that 72 1b Roman, 
are equal to 50 Ib, 4 Oun. Parifian, by which he means that the Roman 
Quadrantal held fo many Pounds and Ounces of Wheat. This would be 
very true if thefe 72 th Roman were Ponderal; but as Authors con- 
clude them to be Men/ural, therefore as 72 tb Menfural are equal but to 
60 1b Ponderal, ic can be equal to but 41 tb, 14 Ounces of Paris; which 


Q. we 
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We defigning to make ule of in chis Chapter, you mutt take particular 
Norice of it in the Sequel of owr Co-equations. Perhaps (which I to 
hot remember to have read) the Romans had two forts of the Ponad ta 
weigh and meafure Liquids only, and another for the ufe of Dry rbings 
only (viz) the Ponderal Pound. The Veilel of a Roman Cubic Foot, 
which is faid to have held 80 ib Menfural of Water, was equal to the 
Amphora. Diofcorides however will have it, that the mphora held but 
§21b of Vinegar and 80lb of Wine. Galen, on the contrary, fays, 
that the Amphora held 72 Tb of Oil, 80 Ib of Wine, and 108 tb of 
Honey. Merfennus affures us, that he found (upon making the Experi- 
mont) that the Roman Cubic Foot, fuch as the Congialis of Villalpandus, 
weighed 74. 1b of Parts W eight; but there are thofe who differ ftom 
him upon this Article. | | ; 
The fame Author lays it down for a ceftainty, and will Have it (by 
the Obfervations of Gaffendus} that the Roman Amphora held 55 16 and 
14. Oun. of Water of Parifian Weight; fince the Congias, which is t of 
- the Amphora, holds (according to him) 7 Ib minus 4 of an Ounce of 
Water; from whence we may plainly difcover that thefe 80 tb Roman, 
which formerly filled the Roman Amphora, were of the Ponderal kind. 
But we fhall leave this to the Difcufftom of thofe who have more time 
to fpare than we have, and fhafi now prote¢d' with our Mea/ures in the’ 
Order we began. 
- The URNA or URN was (according to Cato) a Liquid Meafure’ 
of half the Capacity of the Amphora; but it was fometimes ufed to 
meafure Dry things, and, according to- what Villalpundus fays, it held’ 
1 £ Modius, or 4 Congii, or 40 Ib Menfural, or 3316, 4 Guz. Ponderal, 
and of our Weight 23 It, 3.Oun. 1 Dr. 2 Den. and8 Gr. 
The MINA was equal to the Urna. 
- "Fhe MODUS, if we may believe: Fanmus, was properly a Dry 
Meafure, of $ of the Medimnus, and’; of the Amphora ; this held exadtly 
241b Roman of Wheat. Now as.to-Ligquids, (here we are chiefly to 
fuppofe Wine and Water, which agree the neareft in Weight) it is cer- 
tain that the Romans ufed but one Mea/ure for them, which ‘(as we have 
already faid) they called the Menfural Pound;. as a Liquid Meafure, it 
held 26th, 8 Oun. Menfural, or 22 tb; 2-Oun: 5 Dr; 1 Den: and } Gr. 
Ponderal, and of our Weight 15 18, 7 Oun. 3 Dr. 2-Den. and 13° Gr. 
The CONGIUS, which’ was + of: the Amphora; held 6° Sextarss, 
or 10 lb Menjfural, or 8 tt, 4 Oan. Ponderal, and of our Weight 5 tb; 12 
Oun. 6 Dr. 1 Den. and 8-Gr. : | 
The SEXTARIUS held 2 Hemina, or'1 tb’ Menfural, and a Befis 
of 8 Ounces, which made 20 in all; or rib; 4.Oun. 5 Dr. and 1 Den. 
Ponderal; and of our Weight 15 Oun. 3 Dr. 2 Den. ands $Gr. The 
Romans had another Sextarius, which was called Sexterius Rujfticus, and 
was dauble of, this. | | 


The 
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The HEMINA, which was alfo called COTYLA, was a certain 
Meafure which held 2 Syartarit, ot 16 Dun. Menfural, or 8 Oun. 2 Dr. 2 
Den. and 5 Gr. Ponderal, and of our Weight 7 Oun. 5 Dr. 2 Den. and 
144Gr. 

The QUA RTARIS held 2 Atttabula, Or Onn Menfyrat, 0 or 
4 Oun. 1 Dr. 1 Den. alid ¢ Gr. Ponderaf, ot 3 Oun. 6 Dr. 2 Den. and 
tg Gr. of our Weight. , 

_ The ACE TAB U ty M was a kind of ‘final Cup ¢ or Saweer;. apd 
held 1 $ Cyathus, of 2 Oxn: 4. Dr. Menfur al, or, 2 Oun. 2, De, and $ 
Gr. Ponderdl: and of out Weight 1 1 Oun. We Bri i Den. and 9% Gr, oe 

CYAT HU S was a finalf Meajiire i in the, form of fhe Acegabulum; 
and held 4 Céckarii or Spoontuls: that is, 1 Oun. 3 Dr. and .4, Den. 
Menfural, or t Oyn. 3 Dr. and 8 Gr: Ponderal, or 1 Oun. 2 Dr. and 
23 $ Gr. of our Weight. 

COCLEARIUM or SPOON was the { of the Graphs, and was 
équal to 3 Dr. and x Den.  Menfiral, or 2 Dr. 2 Den. and 8 Gr. Pon- 
deral, and in thort 2 Dr. ¢ Den. and 17 % Gr. of our Weight. 

Sees Fe ae 2 es en ne 3s 
Liquid and Dry Meafarés of the Antient G aaa 

The METRETA or METRETES of, Attica held 3 Romad 
Urns; therefore 3 it was equal to the Roman. Pitcher or Cadus.- «yy. 

The ATRABA was 3 } Roman Modii, according to Cato and Coz 
hiniella. 

The LACONICK METRETA was a little lef than the Ros 
mun Ampbora. - 

The AT TICK AMPHORA was equal to the Metreta ace 
cord to Fannius and Villalpandus, . _, 

The AMP HOREUS was but half of the Metreta, seeking to 
Agricola and Villalpandus, 

The CHUS or CHOAS _was equal to, the Raman Congius. ere 

The‘C O'T YL A, which was alfo called TRIBLIUM, was equal 
to the Roman Hemina, F 

The O XYB AP H U M was ‘equal | to y the Ren Ae hile se tec 

The MYSTRUM was of, two forts, ‘the greater being “ty of the 
Cotyla, and the leer but iz of. the faine. 

The CHEME er CHEMA was equal to the Roman Cocleatium, 
or Spoon. 

Obferve here that ‘it “will be yery eafy to reduce thefe Meafures to the 
antient Menfural and Ponderal Pounds, as well as to ours; they beingin- 


differently ufed formerly, in meafuring ‘or weighing both’ Liguid and 
Dry Goods. 


Liquid 
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Liquid and Dry Meafares of the Antient Hebrews. 
CHORUS, CHONER, or HOMER (as we have it in our 
Enghfb Tranflation) held 2 Lethecs; it was equal to 3 of the Roman Cy- 
leus, or 45 Modi; this was indifferently ufed in meafuring both Liguid 
‘and Dry Things. I fhall not give myfelf the trouble of reducing thefe — 
Meafures to the Weights ; for any body may do it as well as I, who does 
but apprehend what has already been faid. This Mea/ure is mentioned 
_ in the Prophet Ezekie/,-and in the 3d Book of Kings, Chap. v. Ver. 2. 
and the 2d Book of Céronscles, Chap. xxvii. Ver. 5. and in St. Luke, 
‘Chap. xvi. Ver. 7. Somie are of Opinion that this was the Load of a 

‘Camel. = | | 

LETHEC, the { of the Chorus, held & Baths or Epbas, which were 
equal to 15 Roman Urns, or 22 + Modii. — - 

The BATH or EPHA was ; of the Lethec, and held 3 Sead, or 
‘10 Omers; this Mea/ure was equal to the Roman Hydria or Cadus, and 

to the Attick Metreta. Fofepbus mentions this Meafure in his Hiftory 
of the Fews; and Villalpandus alfo {peaks fomewhere of it. 

SEAH or SATUM, the } of the Epha or Bath, was two Lins; it 
was equal to 1 3 Modius, or 24 Sextarit of Roman Mea/ure, according 
to Villalpandus. But Alcanzar will have it to have been equal to the 
Modius, by which he doubtlefs means the tick Modius, that being 
‘14 ofthe Roman. This Meafure is mentioned in Genefis xviii. Ver. 6, 
and in St. Matthew v. Ver. 15. 

HIN wasthe } of the Seah, and held 3 Caés; it was equal to 12 
Sextarii or 2 Congit of Rome; it is fpoken of in Exodus xxix. Ver. 40. 
and in Ezekiel iv. Ver. 11. 

OMER, j: of the Epha, was equal to 7 } Roman Sextarii; fomething 
is faid of it in Exodus xvi. Ver. 37. 

CAB, the } of the Hin, was 4 Logs, and was exactly equal to 4 Sex- 
tarii,; we find this Mea/ure fpoken of in the 2d Book of Kings, Chap. 
vi. Ver.25. 0 7 

The LOG, § of the Cad, held 6 Eegg-/rells, and was equal to a Ro- 
man Sextarius, Some fay that the Thebans had a Meafure equal to this, 
and that it was the fame which Epiphanius calls Aporrhyma. 

The EGG-SHELL, § of the Log, and 3}; of the Epba, is thoughe 

to have held 2 Oun. 6 Dr. and 1 Den. 
We have faid enough of the Ancient Meafures; proceed we now to 
thofe which are more Modern, and confequently more familiar to us. 

_ But 1 mutt premife that I do not here undertake a detail of the Mea- 
fures, ufed throughout all the Kingdoms and States of the Earth. That 
would be an Attempt as vain as it is impoffible. Therefore I thall only 
remark fuch as are current in the moft famous and beft known Cities 
and Provinces in the World, I thall be obliged to call them by the 
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Names they bear in their refpective Countries; and to conclude, I thall 
reduce them to. the Weights, as I have already done with regard to thofé 
of the Ancients. 


Spanifh Liquid Meafare. 


The BOTA ot BUTT holds 30 Robas; each Roba weighing 36 tf, 
it anfwers to 160 Antwerp Stopes; but the Roba is only 5 Stopes}. The 
Antwerp Stope weighs 6 Ib, and confequently the BUT T weighs i Ib 
of Antwerp. 

The PIPA or PIPE weighs 30 Robas of 28 Ib each. 

The ROBA is 8 Sommers. 

The SOMMER is 4 Qyartillas, each of which weighs { of the 
‘Antwerp Stope, arid confequently weighs 1 ib. 

The Spaniards have another kind of Pipe, of different Capacity Froti 
the abovementioned, with which they commonly meafure Oj/ of Olives, 
jt contains 40 Rodas; but thofe Robas are lighter than the others, as we 
have already faid. : 


| Dry Meafure of the fame Nation. 


The CAHI holds 12 Hennegas or Annegras. 
The HENNEGA is 12 A/mudas. 
_- The ALMUDA weighs 7 1b. g Oun. 14 Ang. and about ‘24 Gr. 
of Amfterdam Weight, and the Almuda is exatly x33 of the Amfterdam 

Achane or Laft of Rye, that weighing, as we fhall take Notice here- 
after, 4200 Ib. 

CAVESCO is + of the Amfterdam Laft, a i weighs 
262 s Ib of Amflerdam. ° 


Portuguefe Liquid Meafuare. 


The ALMUDA contains 12 Canadas. 

The CANADA -- - - 4 Quartas. 

The QUARTA is equal to the Qyartilla of Spain, which weighs 
1 Ib of Antwerp, iat ae the whole A/muda weighs 48 Ib of Ant- 
aver 

The ALQUIER or CANTAR is ! of the Almuda, and holds 
6 Canadas, which are 4 Antwerp Stopes, or 24 1b ditto. With this they 
mea{ure Oi! of Olives. 

The QUART ILLA is 13 { Cantres. 

The STAR is a Liquid Meafure ufed in Algarva, spilihitie $9 tE, 
10 Oun, 16 Ang. and 26 Gr. or thereabouts. 


R Dry 
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Dry Meafure of the fame Nation. 


The MOI holds 15 Fangas. 

The FANGA  .--- 4 Alquiers. 

The ALQUIER --- 2 Mejos, which are half Meafures, 

The MEJO --- 2 Quartas. 

Obferve here, that 225 Alguiers are equal to a Laf of titel 
and confequently that the lquier weighs 18 Ib, 10 Oun. 13 Ang. and 
10 Gr. 


French Liquid Meafure. 


The MUID, QUARTAL, or CASQUE of Paris, holds 2 
Filets, Barriques, or Barrels. 


The FILET holds 18 Seffieres. 

The POT or QUART --- 2 Pintes. 

The PINTE --- 2 Chopines or Hemines. 
The CHOPINE --- 2 Demi-Seftiers, 


The DEMI-SESTIER --- 2 Pofons. 

From all this ic follows, that the Muid of Paris contains 288 Pintes; 
and this it does, by an Order of Lewss XIII. But, in purfuance to the 
Orders of Henry the Great, it ought to contain 300 Pentes. Now it 
will be very eafy to equalize thefe two, by taking away 12 Pintes, which 
ought to be allowed for the Lees of Wine. Hence you may readily 
know the Weight of a Zunn of Wine. For, as by the Obfervations of 
Mer/fennus, it appears that the Pinte weighs 2 1b, it will follow that the 
Tunn or Mud, which contains 288 of thofe Pintes, will weigh 576 ib. 
But if we admit of the Lees, it will weigh 600 Ib over and above the 
Weight of the Veffel itfelf, which is not to bereckoned. Merfennus has 
defcribed the Form and Size of the Muzd after this manner in Prop. IV. 
of his Book of Mea/ures, &c. ‘ It has the refemblance of a Cylinder, 
“ or rather of a double Cynder truncated, with equal Bafes, from 
*“ whence this Veffel is more ca pacious or broader in the Middle than 
“cowards the Ends; its Length (fays he) or interiour Height, is. 2 
“ Feet and 10 Inches, and in the Middle it 13 2 } Feet, and towards 
“ the Bottom or Bafes 2 Feet only. 

The Ca/gue or Musd of Paris holds 78 Stopes of Antwerp, and ties 
times 77, that is, 312 Pents, or 308: It weighs 468 or 462 Ib of . 
Antwerp; fince (as we have already faid) the Stope weighs 6 Ib, the 
Pint which is } of it ought to weigh 1 4 1b; and from this we may eafily 
determine the Proportion between the Parifan and Antwerpian Pound. 

They have another Liguid Meafure im France, which the French call 
a PIPE; this holds 2 Muids of Paris, and confequently weighs. 
1200 Ib. 
4 Dry 
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Dry Meafure of the fame Nation. 


The MUID, or GREAT MUID holds 2 Tonneaux or Tuns, or 
12 Seftters. 

The TONNEAU is $ the Muid or 6 safer 

The SESTIER is x of the Muid, and 2 of the Tonneau, and. is di- 
vided into 2 Mines. 

The MINE is 2 Minots. — 

The MINOT contains 2: other {mall Meafures saints éalled 
Bosffeaux or Bufbels. 

The BOISSEAU or BUSHEL, according to Mer/ennus, holds 16 1b 
of Wheat, when it is heaped up without fhaking or fqueezing it down. 
The Heap, (or what is above the Rim of the Megfure) according to the 
fame Author, weighs 3 ! Ib; thus when the Boifeau is ftriked there will 
temain 12; Ib in it. Suppofe now that the Mu:d contains 96 Boiffeax, 
we may naturally conclude that fuch a Muid full of Wheat would ee 
1536 Ib. 

The fame Mer/ennus affutes us he found by Experiment, that thera 
are 860 Grains of Wheat in the Ounce of a Pound, taking them pros 
miifcuoufly from any Heap or Parcel without picking or choofing ; con- 
fequently the Pound will contain 13760 of thofe Grains, and the Boi/= 

feau when heaped up 220160 Grains, but if ftriked but 172000 only. 

- The Boffeau or Bu/bel, according to the Orders of Lewis the XIII. 
L. 1. Titre 10. ought to contain 18 ib, 6 Ounces, and 8 Scruples of 
Wheat ; and in the fame Place the great Muid is. ordered to weigh 
2640 tb. 

They have a kind of Dry Meajure at Roan, which they there calb 
POINSON, and which holds 13 Boifeaux. 

In Brittany they have another, which they call a LOAD, it containe 

4. Boiffeaux, and 10 of thofe Loads make a Pipe, which is 600 16 of Am- 
ferdam; 7 Pipes or 7° Loads — i to the Amferdam Laft 
of Rye. 


- Healian Liguid Meafure. 


BRENTA or AMPHORA is properly a Liguld Meafure, ufed by 
the Romans at this Day;,: it contains 96 Beccales, and is divided into 13 £ 
Robas or Stones each of which weigh 10 Ib, but thefe Pounds are of 30 
Ounces.each. The Brenta is equal to 42 Stopes of Antwerp, by which 
means it muft weigh 252 Ib. 

BOCCALE contains 2 Mezzoboccale. 

BARILE, BARIL or CASK. is a Tu/can Liguid Meafure, which 
holds 20 Italian Bottles which they call Fisfeo or Flasks; 18 Stopes of 


Antwerp make a Baril which. weighs. 308 Ib of Avtwerp. As = on 
1a/co 
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Fiafco or Flask, it weighs § It, 6 Ounces, and 3 Drams, or thereabouts. 
Item, 3 Barils make a Staar. 

ST AAR is a Mea/ure containing 54 _— of Antwerp, and therefore 
muft weigh 324 Ib. 

MOSTACHIO, or MOSTACIO is a Candian Meafure, which 
holds 3 Stopes and } of Antwerp, and weighs 22 Ib. 

BOT TEL is another Mea/ure which holds 34, 35, and fometimes 38 
Moftachios. 

BOTTA isa Venetian Meafure of 38 Moftachios,: which they alfo call 
Zechs, and in fome Places Cantari; 76 Moftachios make a Brenta or Am- 

hora. 

BIGONCIO or CONGIUS, is in the fame Place a Mea/ure of 4 
Quarters. You muft have 18 Stopes of Antwerp to filla Quarter; it 
weighs 108 ib, and is equal to the Roman Barile. The Bigoncio is equal 
to 72 Stopes of Antwerp, and weighs 432 Ib. 

SECCHIO, which the Latins called Hydria, is 15 Stopes of Ant- 
werp. ‘This isa Mea/ure particularly ufed by Merchants who carry on 
an Inland Trade; but the preceding Mea/ure is in requeft amongft fuch 
as are concerned in Shipping, and who cultivate a Tranfmarine Com- 
merce. 

AMPHORA, in the fame Country, is an O:] Mea/fure; it is 4 Bigon- 
_ cios or Congit, each of them being 4 Qyarters. This Mea/ure is equal to 
2 Bottas, each Botta 38 Moftacios. 

MIGLIARIO is a Meafure much in Vogue throughout all Italy. 
At Venice it weighs 1210 Ib. At Verona 1738 Ib, and is equal to 8 
Brentas, and 11 Baffes: As for the Brenta it is divided into 16 — 
At Pavia the Mighario weighs 1185 ib, which are equal to "3 I $f 1 
of Antwerp. AtVincenza it isasat Venice. At Tervifa 1117 | 

Befides thefe Liquid Meafures, I have been fpeaking of, they 7 ftilk 
others, (vzz.) 

The MASTELLO, CARA, CONSI, 10 of which make a Cera 
of Tervi/fa. 

The SALM isa Mea/ure ufed in Pugha and Calabria; it makes 10 
Staars, each Staar 32 Pignateles or Ollules. This Salm is equal to the 
French Filet, or to the half Qyartal of France. ¥t anfwers to 39 Stopes 
of Antwerp, and commonly weighs 234 Ib. 


Dry Meafure of the fame Nation.’ 


QUADRANTAL is 3 Roman Modit, the Modius 8 Hemina, the 
Hemina 2 Sextarii, This Quadrantal weighs 52 it, and 8 Ounces, of 
Amperdam Weight ; 80 Quadrantals making an Amferdam Laf. 

STAR is a Sea or Naval Meafure amongft the Venetians, and weighs 
131 Ib and ;-32 Stars exactly anfwering to the Amfterdam Laft of Rye; 
but 14 of them conftitute a La/ of Barley. 

Again ; 
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Again; the AMSTERDAM LAST is equal to 80 Stars of Man- 
tua; to 32 of Medina; to 96 of Pavia; to 112 of Florence; to 102 of 
Vincenza; to 32 of Zarenza; to 48 of Ravenna; and to 29 of Tervifa. 

MOSA or MODIUS is a Venetian Meafure, 7 + of which are e- 
qual to an Amfterdam Laff. In fome other Places it is divided into 14 
Pefos, each of which weighs 10 Ib, each Pound containing 30 
Ounces; in other Places it is divided into 4 Degalatro, or into 16 Se- 
frerces or Sextarit. a | 

CORBA, among the Italians, is what the Latins formerly called 
Corbis or Corphinus, and in Engh/b may be called a Basket. This is a 
Dry Meafure. At Bologna it is equal to the /% enetian Star, 32 of 
thefe Corbas being equal to a Laft of Amfterdam. 

MEDIMNUS, a Dry Meafure in Sicily, contains 6 Modji, and . 
each Modius 16 Sextarit or Sefters. The Medimnus weighs 100 tb, 8 
Oun. and 3 Dr. or thereabout of Amferdam Weight; fo that 38 Me- 
dimni are exaQtly an Amfterdam Laft. | 

Moreover the Medimnus, in the Ifland of Cyprus, is divided into 2 
_ Cypre or Cypruffes, or 4. half Cypra; and 40 of thefe Medimni are equal 

to an Amfterdam Laft. | 
In the fame Place they divide the Modius into 16 Gabenes, Seffers or 
Sextarii ; 2 Modit make a Pontick in that Country. 

MINA or MINALI isa Dry Meafure at Genoa and Verona; a 
of thefe Meafures are equal to an Amferdam Laff at Genoa; but at Ve- 
rona it will require 72. _ 

SOMA at Brefeta is alfoa Dry Meafure; 16 of thefe conftitute a 
Laft of Amfterdam. 

SALM, a Dry Meafure in Sicily, holds 16 Tumanes ; it is fome- 
times of two forts, (viz,) the /maller and greater; 10 of the former and 
8 of the /atter conftitite an Amferdam Laft. 

The CARA in Puglia anfwers exactly to the Venetian Star. This 
Meafure is of two forts, that with which they meafure Rye, containing 
36 Tumanes, but of Barley it holds 48 of the fame above mentioned. 
Thus the Cara weighs 131 ¢ lb of Amfferdam. In thort, 32 Caras of 
Rye and 24 of Barley conftitute a Laf of Amfferdam. 


German Liquid Meafure, 


RHUTHE holds 2 $ Fuder. 

_ FUDER, in Latin Vebes, is 6 Amphorea, which are commonly 
called Ames, at all the following Places of Upper Germany, (viz.) Co- 
logne, Worms, Ulm, Francfort upon the Main, Oppenheim, W. trtzburg, 
Mayance, and at Wirtemberg : But in other Places it holds 10 Ames; as 
at Herdelberg and Spires; at Vienna, and all over Auftria, 16 Ames ot 
Amphorea make a Culeus. Again; at Falkenbeim, Durcheim, and at Aug/- 
burg, 8 Fe or Ames make a Culeus. : 

S OHM 
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OHM or AME, which the Latins called Ampbora, holds 20 
Quarts, or 80 Meafures, which, in the Language of the Country, are 
called Majffen; or 2 Urns, which they call Eimer. Thofe who have 
been at Cologne, Worms, Leipfck, Francfort upon the Main, Ulm, Op- 
penheim, Mayance, Ni oremberg, Wirtzburgh, or Vienna in Auftria, may 
know this. But at Heidelberg, and at Spires, they divide the Ame into 
12 Quarts, and the Quart into 4. Meafures or Kans. Moreover, at Fal- 
kenbeim and Durcheim they divide the me into 16 Quarts, of 4 Kans 
each. Then at Wirtemberg they reckon 16 Innes in the Ame, each of 
which is 10 Kans. In Augsburgh 2 Mod: or 12 Befontz make an Ame: 
To conclude; in fome other Places they reckon 60, 64, and 72 Kans in 
the Ohm or Ame. 

EIMER, by the Latins Urna, at Noremberg, Wirtzburgh, and ge- 

nerally throughout all Franconta, is divided into 64 Kans; at Vienna in 
Auftria into 32 Odfaves, or 128 Seiltem; at Sabone and Brixem 144 
Kans make an Urn or Eimer, and but 8 only conftitute a Parcede. 
The EIMER or URN in Mi/uia, and generally chroughout all 
High Germany, weighs 36 1b: But at Leipfck it is 40 1b; and is divided 
into 3 Stubecken; and again into 4 Cantres or Kans, or (as they like- 
wife have it) Maafs; and each of thefe Kans are 2 Nofels or Quarts. 
The Noffél is 2 Pints or Hemina, which they call Halé Karter, and the 
Halb Karter is 2 {mall Meafures, which they call Ma/slein. 

MAAS or KAN, as it is called by the High and Low Dutch, and 
by the Latins Cantharus or Congius, is almoft of the fame Bignefs in all 
~ the Towns in High Germany. We have already faid enough of the Sub- 
divifions of thefe Meafures; let us now examine their Weight. In Ger- 
many the Pound is of two forts, the Men/ural and Ponderal, as we have 
already obferved; fo that at Letpfick 23 Menfural Ounces make but 26 $ 
Ponderal Ounces; but every where elfe in Mi/nia 24 Menfural Ounces are 
equal to 20 Ounces Ponderal ; that is, they are to one another as 12 to 
10, or as 6 to 5, after the manner of the Antient Romans. This being 
laid down, the Ohms or Ames of Worms, Francfort, Ulm, Oppenbeim, 
Cologne, Wirtembergh, Mayance, Heidelberg, Spires, Strasburg, Falken- 
heim, and Durcheim, containing 80 Congit or Kens, will be equal to the 
Antwerpian Ame, of 50 Stopes, which (each Stope being 6 Ib) weighs 
300 Ib, and confequently the German Pot or Kan muft weigh 3 ib, 12 
Oun. of Antwerp. By this means we may readily come at the Weight of 
the Eimer or Ura, as well as at that of the Fuder, Rbuth, and {maller 
Meafures, &c. 

Again; 128 Kans of Noremberg, Wirtzburgh, Franconia, Vienna, and 
Augsburgh, weigh 300 Ib of Antwerp, and each of them apart weighs 
2 Ib, 5 Oun. andtofthe fame _—v 

The BEER TUNN of Lubeck is equal to the Ame of Antwerp, 
50 Stopes of Antwerp exacly filling a Lubeck Tana, 
: | 


Dry 
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Dry Meafare of the fame Peaple. 


The LAST, as the Germans call it, er as the Lafens have it (from 
the Greek). Achane, is properly the Lading of a Veffel ‘or Ship. 
At Hamburgh it is 3 Wifpel, each of which contains 30 Modii, or 
Scheffel, as they call them: Now the Scheffel weighs 52 ib, 9 Ounces, 
12 Ang. and 22 Gr. or thereabouts of Am/flerdam; and therefore a 
Laft of 3 Wifpel, or go Scheffel or Modii, will weigh 4734 Ib, 3 Onn, 
1 ng. and 28 Gr. 

Obferve here that this Wz/pe/ ts equal to 6 Antwerpian Ames. Again, 
83 Scheffel of Hamburgh are equal to an Amfterdam Laff. At Roftock 
and Lubeck, 96 Scheffel make their own Laf ; but 85 of them are equi- 
valent to the Laff of Amferdam. At Stetin in Pomerania 72 Modii or 
Scheffel conftitute their own Laff, ¢ of which is equal to that of Am- 
frerdam. , 

SCHIFFPFUNDT is a Sea Meafure much ufed by thofe who 
border upon the German Ocean, and Baltick Sea. it is properly a cer- 
tain part of the £ef, which comes near to the Medimnus of the Ro- 
mans, of to the great Modius, or rather to the Trimedimmum which we 
have fpoken of already. This is equal to the French Load, or the Spa- 
nifh Cargo, or the Italian Carco or Carico. Wich this they noc only 
meafure all forts of Grain, but alfo feveral other Species of Goods. At 
Hamburgh it is divided into 20 Li/pfundt, and weighs 300 Ib, At Lu- 
beck, Copenhagen, and Stockholm, 20 Lifpfundt make a Schiffpfundt, 
which weighs 320 i. But I fhall forbear {peaking here of the Weight 
and Capacity of this Mea/xre, (it being to be explain’d hereafter) in a 
vaft number of other Places where it is in ufe. 

LISPFUNDTT is an Aliquot Part of the Schifpfundt, as may be feen 
above, and may properly be called a Sea Meafure. At Hamburgh ir 
weighs 1¢ Ib; at Lubeck 16 Marks, and at Stralfund 16 ib. : 

MALTER or MOLDER does not differ very much from ‘the 
Schiffhfundt in Weight and Capacity. It isa kind of Land Medrmnus, 
which is ufed among the Merchants of certain Towns in High Germany, 
For Example; in Mi/nia it holds 16 Mod::, each of which weigh 20 ibs 
therefore the Mualter weighs 320 Ib in that Place. At Vieana and all 
over Auffria it is compofed of 32 Modi: which they call fichel, or 64. 
Flalb Atchels or Spixten. Suppofe now that this Modus weighs 21 Ib 
and 14 Oun. of Amferdam, the Malter will weigh 600 Ib, and confe= 
quently 6 of them would be equal to a Laf of Amferdam. At Colgan 
upon the Rhine 18 Medimni, or Malters, are equal to the fame, fappoe 
fing each of them to weigh 233 ib, 5 Own. 6 Ang. and 2% Gr. 


Liquid 
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Liquid Meafure of the Low Countries. 


ROEDE isa Meafure which anfwers to the half Culeus of the Romans. 
At Dort it is 10 Ames. 

The AME is 10 Schrewes, and has fome Affinity with the Roman 
Amphora. 

The SCHREWE is 10 Stopes; this Meafure does not vary much 
from the Roman Urn. 

The STOPE agrees nearly with the Congzus of the Romans, and holds 
2 Kannes or Pots, which in fome Places are called Mengel. — 

The KANNE, POT, or MENGEL, does not greatly differ from 
the Roman Sextarius, and holds 2 Pints. 

~The PINTA or PINT may be properly called Hemina in Latin, 
it being half of the Kanne or Sextarius. 

Then 10 Ames of Dort are 14. 3 of thofe of Antwerp, of 50 Stopes; 
each Stope weighing 6 Tb of Antwerp; and the Roede or Rode of Dort 
will weigh 4400 Tb, and confequently the me will weigh 440 Ib; the 
Schrewe 44 Tb; the Stope 4 Ib, 6 Ounces, 8 Ang. the Kanne 2 Ib, 3 
Ounces, 4 Ang. and in fhort the Pivt muft weigh 1 Ib, and 12 Ang. of 
Antwerp. 

This Roede is again divided into 2 Iuns, each of them containing 
500 Stopes of Dort, or 2200 tb; to which if you add 50 1b for the 
Weight of the Tux itfelf, ic will, when full of Wine, weigh 2250 Tt, 
and confequently 2 Tuns will weigh 4500 Ib. Hence it is that in load- 
ing a Ship they reckon 2 of thefe Tums equal to a Laff of Wheat. 

Again; 14. 4mes of Am/terdam are equal to 10 Ames of Dort; but we 
muft here obferve that the Am/terdam Ame is divided into 64 Stopes ; 
therefore it weighs but 314 Ib, 4 Ounces, 5 Ang. and 22 Gr. or there- 
abouts of Antwerp; each Stope weighing 4 Ib, 14 Ounces, 2 dng. and 
about 10 Gr. In Frifeland, the Ame is 40 Kannes or 160 Mengels. At 
Malines in Brabant it is 80 Mengels; whence it appears that the Mengel 
of Malines is double of that of Frifeland,: and that what they call a Pint 
at Malines is a Mengel or Pot in Frifeland; but as to the Ame of Ma- 
lines or Frifeland, as well as of Louvain, Bruffels, Boifleduc and Breda, 
they are equal in Weight and Capacity to the Ame of Antwerp: But the 
Mengel of Louvain is equal to the Maa/s or Kan of the Germans. The 
Ame at Bruffels and Louvain is divided into 48 Stopes ; at Bot/leduc into 
50; at Leyden, Delf, Trevers, Flufbing, Middleburgh in Zealand, Ghent, 
Bruges in Flanders, and at Liege, it is divided into 60 Stopes. Again, 50 
Stopes of Antwerp are equal to 54 of the Hague and Ruremond; to 72 
of Ziriczee, and to 26 of Neuport and Offend, I fhall add to all this, 
that 143 Ames of Bruges, Middleburgh, Trevers and Flufhing are equal 
to 16 Ames of Dort, | 


Befides, 
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Befides this Roede which we have been fpeaking of, they have one of 
another fort at Bruges, which holds 2 Veffels or Tunns, each of 22 


Sextarit, or Seffers, each of which is 16 Stopes. 


The TUNN of Beer throughout all Brabant, contains 54 Antwerp 
Stopes; but in Flanders 60, and fometimes 64 Flemmifh Stopes.’ As 
for the Dutch Tunn it is equal to that of Brabant, except that of Am- 
fterdam, which requires 56 { Stopes of Antwerp. As to the reft, I hall 
not reduce them to the Weights, fince any body may do it by knowing 
the Weight of the Antwerpian Stope: 


Dry Meafure of the fame People. 


The LAST or ACHANE, when it is ufed to meafure Wheat, is 
compofed of 16 Sea Medimni, which the Dutch call Schippont, each of 
which weighs 300 ib; therefore the whole Laf weighs 4800 Ib; but 
when they meafure Rye 14 Schipponts make a Laff, each of which are 
equal to the former in Weight and in Capacity, confequently a La/ of © 
Rye will weigh 4200 tb of Amfterdam. At the fame place, they reckon 
27 great Meafures, which they call Mudden, ina Laf; each of thefe 
Mudden contains 4 fmaller Meafures, which they call Schepelen or 
Bujfbels; therefore the Laff is 108 Schepelen or Bufbels. Again; they 
compute 29 Sacks in a Laff, each Sack of 3 Octaves, or Achtelingen, 
as they have it. Moreover, 24 Salt Casks, or 21 3 of thofe narrow Vef- 


 fels in which Flower is ftowed, or 15 } of the larger and broader of the 


fame kind, conftitute exactly a Laf of Rye; again, 18 Tunns or Vef- 
fels of Beer, or as many Ames of Antwerp, anfwer to the fame thing. 
‘Now thefe two laft, make 3 Tunns of Wine, but 2 Tunns only are rec- 
koned equivalent to a Laff of Rye; becaufe 2 of them weigh 4200 fb 
or thereabouts ; for fuppofe that the Quadrantal or Cask of Wine weighs 
soo ib; 2 Tunns or 8 Quadrantals will confequently weigh 4000 1b; 
and 3 of the like Tunns or 12 Qyadrantals full of Rye, will weigh 
4200 Ib (without reckoning the Weight of the Veffels themfelves) 
each of them containing about 360 Ib of Rye. But we mutt take no- 
tice that all forts of Grain do not always weigh alike; and the Am/er- 
dam Laft of Wheat has been found fometimes to weigh 4800 tb, and 
at other times but 4200 ib; and a Laf of Rye weighs fometimes 4200 Ib, 
and at other times but 40001b. Try a Laf of Barley, and you will 
find that it weighs but 3400 Ib; and Oats will weigh ftill lefs; for which 
reafon it has been cuftomary in fome Places, to have a more capacious 
Meafure for Oats than for Rye. Now fince according to the Obferva- 
tions of Merfennus the Parifian Pound contains 13760 Grains of Wheat, 
which Pound is 16 Grains lighter than the Amflerdam Pound, this latter 
will contain 13776 Ib, and the Laf# weighing 4800 Ib, will certainly con- 
tain 66,124,800 of the fame Grains. At Hembden 15 } Tunns, of 4 Wer- 
pen or Bufhels each, conftitute a Leaf of their own; but 55 Werpen 

, T anf{wer 
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anfwer to a Laff of Amfterdam. At Antwerp the Laf is 32 Quarters, 
and the Qyarter 4 Bujbels, or Muckens, as they call them; thus 38 Quar- 
ters are equal to a Laft of Amfterdam. At Rotterdam 3 OGaves or E:ghths 
make a Sack, and 38 Sacks make the La/ of that Place ; but 87 Ocfaves 
are equivalent to an Amferdam Laf. 

The MUDDE, or great MODIUS, is divided at Louvain into 
8 fmaller Mea/ures, called Halfter ; 13 of thefe are equal to a Laff of 
Amfterdam, as are alfo 10! of Bruffels, 7 of Maefricht, and 12° of 
Boifleduc. At Ghent the Mudde is divided into 6 Sacks, the Sack into 
2 Halfters, the Halfter into 2 Quarters, and the Quarter into 2 Muckens: 
Now 4 of thefe Muddes and 7 ‘Halfters make 1 Laff of Amfterdam. At 
Bruges they call this Mea/ure an Hoet, which they divide into 4 Bufbels, 
the Bujhel into 4 Qyarters, the Quarter into "2 Spintes: 17! of thefe 
are exactly a Laff of that Place; but the Amferdam Laff requires 17 3 
. of them. At Ypres 12 Razieres give a Mudde, each Raziere anfwers 
to 4 Tunns of that Place, and25 Razieres make a Laft there: Again; 
75 of thefe Rezseres conftitute a certain great Mea/ure called Think, 
which is treble of the Laf. In fhort, they reckon 24 Razieres to an 
Amfterdam Laff. In feveral other Places of lefs note in Flanders the 
Raziere is divided into 4 Awots, the Awot into 4 Pints, and the Pint 
into 8 Ib. At Lewarden in Frifeland the Mudde is 2 Lopen; 36 of thefe 
are an Amflerdam Laft. At Middleburgh in Zealand the Mudde or great 
Modius, which they call Hoet, is compofed of 16 Sacks; which may be 
properly called 8 Razzeres, 41 $ of which conftitute a Laft of that 
Place, and 40 of them anfwer to that of Amferdam. At Dort the 
Hoet is 8 Tunns, and 3 of thefe Hoet (which are a kind of Schiffpfundt) 
are exactly the Am/fferdam Laft. 


Polith Liguid Meafure. 


BECZKA, inLatin DOLIUM, and in Exghi/ aTUNN, ought (in 
purfuance to an Order to that Purpofe in the Year 1 565) to contain 72 
Congtt, or Kanns, which the Poles call Garniec. But by an Order iffued 
out afterwards in the Year 1 598, it is to contain but 62 Garniec. 

The TUNN, or Beer-Veffel of Dantzick, contains 180 Dantzick Stopes. 
It has been found at Antwerp that 180 of thefe Stopes make but 81 of 
their Stopes, and from thence we conclude, that the Dantzick Tunn 
weighs 486 Ib of Antwerp; and a Dantzich Sfope weighs exadlly 2 th, 
11 Oun. and 4 Ang. of Antwerp; and the half of it, which they call 
 -=Halb, weighs 1 tb, 5 Oun. and 12 Ang. From this we may infer that 

the Stope of Dantzick is 4 Antwerp Ounces, and 16 Anglicks, lefs than 
the Pot or half Stope of Antwerp. Befides this; I know that the Poli/h 
Garniec contains about 2 Dantzic Stopes of Liquor; therefore the Po- 
lif Tun of 62 Garniec or Congii, is 66 Dantzic Stopes lefs than that of 
Dantzics that is, that the Dantzic Tun contains more than that of Po- 
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dand by 28 of its own Garntec. Let us now conclude that the Pok/h 
Garniec, weighing 5 Ib, 6 Ounces, and 8 Ang. of Antwerp, does not 
differ much from the Roman Congius, as we have above defcribed it ; and 
I firmly believe, that thofe who firft inftituted the Poli/b Garniec de- 
figned it fhould be equal to the Romay Congius: But as all fublunary 
Things are fubject ta Revolution and Viciffitude, as they pals through a 
Jong Succeffian of Years ; it is no wonder that this Meafure has varied 
a little from its firft Dimenfions, and fuffered fome fmall Diminution. 
To conclude; fince the Polifh Funn of 62 Garniec weighs 334 it, 12 Oun- 
ees, and 16 Ang. of Aufwerp, it will be equal to $ of the Dokum, or to 
+ Roman Ampbore. As to the Weights of the half Garniec, which the 
Poles call Pulgarca, and the : of that which is called Kwarta-garcowa, 
it will be needlefs to enlarge upon them, after fo much has been faid. _ 

The OHMA of Dantzic holds 110 Dantzic Stopes of Wine, or 20 
Quarts, reckoning the Lees; but difallowing of them, it will be but 
104. Sfopes and +, or 19 Quarts. 

WIAR DO is a Mea/ure very well known in that Country, and con- 
tains 20 Garniec, Congit or Kannes. | 


Dry Meafure of the fame Nation. 


LASZT, or LASTE, isa Meafure much in vogue inPoland, Livonia, 
Pruffia, and Lithuania, and all the circumadjacent Provinces. It is ufed 
indifferently by Merchants concerned in Sea Trade, and Dealers in In- 
land Cities and Towns: With this, they not only meafure all forts of 
Grain, but all manner of Merchandize both Liguid and Dry: Or at leaft 
they underftand by a La/zt, a certain Quantity of any thing of a parti- 
cular Weight; as for Example ; the La/zt of Flax or Hemp at Dantzic 
weighs 60 Sones, or 2040 Ib of Dantzic. Again; a La/zt of Hops is 
12 Schiffpfundt or Sea Medimni, or 3830 1b of Dantzic. A Lafzt of 
Flower, Honey, Mead, Beer, Afhes, Tar, and Pitch is 12 Tunns; but 

18 isa Lafzt of Salt. As to Wheat and other Grain, the La/zt almoft 

throughout all Poland is divided into 60 Mea/ures which they call Kor- 
jec; but we meet with it of very various Capacity, and very different 
Weight. At Dantzie the La/zt of Rye is 15 Schiffpfyndt, each of which 
contains 4. Meafures which we have elfewhere called Scheffel, each of. 
which holds 16 {maller Meafures called Matzen. In the fame Place a 
Lafzt of Wheat is 26 Schiffpfundt; but this difference muft be allowed 
for the different Weight of Wheat, which is much heavier than Rye; 
for both of them confift of 60 Scheffel. It has however been obferyed 
that the Dantzic Lafzt of Rye weighs 4245 1b of Amferdam, though it 
weighs 5100 Ib of Dantzic itfelf. For the Schifpfundt weighs 340 tb 
of Dantzic, containing 10 Stones of 34 Ib each; but the other which is. 
of afmaller Kind, and contains but 20 Li/pfundt, weighing each 16 fb 
of Dantzic, is ufed in weighing all other Commodities. Again; a Denf- 
2 atc 
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zic Lafzt of Wheat weighs 6440 tb, from whence we may gather the 

Weight of the Dantzic Scheffel or Modius; for it being +, part of the 

La/zt, it will weigh 8c tb with regard to Rye, and with regard to 

Wheat it weighs go Ib, 10 Ounces, 5 Qyart, and 3 Pond. Nom. At 

Koningsherg, and at Elbing the La/zt weighs 6400 Ib, and confifts of 

16 Scbiffpfundt, each of which weighs 400 Ib, or 20 Li/bfundt; and 6 

of thefe make 7 Lajfts of Amfterdam. At Riga, Revel, and Narva, 

12 Schiffpfundt of 10 Stone, or 400 Ib each, conftitute a La/zt weigh- 

ing 4800 1b of thofe Places, and but only 4000 Ib of Amfterdam. : 

KLODA and MACKA isa kind of Dry Meafure much ufed in the 
Leffler Poland, and Red Ruffa; that is, about Lemburg, Premiflitz or Pre- 
miflaw, and Farofaw, extending towards the Carpathian or Krapakian 
Mountains; it contains 4. Modsi or Qyartes, or 8 half Moat commonly 
called Pulmiarek; or into 16 Macka, or 32 Pulmarek; now at Lemburgh 
the Pulmarek is equal to 4 Polifb Garntec or Congii, and the whole Macka 
to 128 of the fame. From this it is evident, that 3; of this Mea/ure is equal 
to the Old Roman Urna, and confequently that it anfwers in all to 32 
Urns, or 1280 tb Roman. The Macka in Faroflaw is 160 Congit or Gar- 
niec, (Kanns) but at Premifiitz 130 only. 

CWERTNIA is a Meafure which may properly be called a Bime- 
dimnum; for it holds two Medimni or Korzec of Cracow. At Pofna it 
is 42 Congit or Garniec. At Kaliskie 36 Garniec, and the Wiertel Ka- 
liski, is 14 Congit or Kanns. 

KORZEC is exaétly the Medimnus of the Latins; that of Cracow is 
16 Congii; by which means it happens to be equal to the Medimnus or 
2, Amphore, and anfwers to 160 Ib Roman. Its £ part anfwers to the 
Old Roman Urn, or the Seah of the Hebrews. In Lublin it is 28 Congii, 
and this does not differ much from the O/d Roman Decimodium. ‘That 
of Sandomiria, and Warfaw, is 24 Congzt, and 12 the half of them will 
be equal to an Aftic Amphora, if we believe Fanntus: And Villalpendus 
affures us, it will not differ much from the Roman Hydria, nor from 
the Metreta; moreover ! of this Mea/ure comes nearly to the Grecian 
Armphoreus ; and $ of it is not much lefs than the Latin Moaius. 

- BECZKA or TUNN is the Dolium of the Latins: With this they 
meafure Dry Things in White Ruffa and Lithuania, This Veflel con- 
tains in Wheat or any other Grain almoft 2 Salt Casks, if heaped up and 
preffed down ; it weighs about 350 Ib of our Parts : This is the Mea- 
fure of Vilna : That of Smolensko is 1 $ of this, and confequently weighs 
s2e tb. Befides the Meafures I have already mentioned, there are feve- 
ral others in Poland, Lithuania, and Ruffa, of lefler Capacities ; fuch 
as the Mirka, Szanek, O/maczka, &c. but thefe I fhall pafs over with- 
out farther Notice, not only becaufe they are not in fuch general Ufe as 
the reft ; but alfo for fear of growing tirefome to the Reader, who is 
commonly fond of Brevity. I fhall only obferve to you once more, that 
the Weight of all thefe Meafures may vary, according to the different 
Specifick Gravity of Grain. Englith 
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Enplifh Lsguid Meafare. 


The Gallon contains 2 Pottles. - 
The Pottle 2 Quarts, 
‘The Quart 2 Pints. . | 
_ The Pint weighs one tb of Troy Weight of England, and confequent- 
ly the Gallon will weigh 8 of the fame. Now in order to know what 
Proportion this Pound bears to the others we have mentioned, pleafe 
to-turn back to what we have faid in the Chapter of Weights. Again ; 


8 Gallons make 1 Firkin, 64. Ib. 

16 Gallons ——~ 1 Kslderkin, 128 Ib. 
18£Gallons —— 1 Runlet, 148 Ib. 
32 Gallons —— 1 Barrel, 256 Ib. 
42 Gallons ——— 1 Tierce, 336 tb. 
63 Gallons ———» 1 Hogfbead, 504, Ib. 
126 Gallons —— 1 Pipe, 1008 Ib. 
(252 Gallons-—— 1 Tan, 2016 Ib. 


_ Thefe are their Strong Beer and Ale Meafures. ‘The following are for 
the fame. N. B. All the Subdivifions of thefe, from the Pint to the. 
Gallon, are of the fame Weight with thofe of the former. 


g Gallons make 1 Firkin, 72 bh. 
18 Gallons —— x Kilderkin, 144 Ib. 
36 Gallons ——— 1 Barrel, 288 Ib. 


The Beer Gallon in the Low Countries is 2 Stopes, except at Amfterdam 


and Antwerp, where it is but 1 $ Stope. 


Dry Meafure of the fame Nation. 


A Way holds 5 Qgarters. 
Quarter —8 Bufbels. 
Bufbel ——m 4. Pecks. 
Peck ——= 2 Gallens. 


The GALLON, as we have ion faid, weighs 8 16 ; therefore che 
Way will be 2560 tb. 
They moreover reckon 4. Bujbels in an Halfter, which i is about a Sex- 
farius, and 20% Halfters make a Lajfte. 
In Cornwal 20 Quarters make a Score. 
In Ireland and Scotland the Bufbel is 18 Gallons. 
I ’ 


U Liquid 
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Liquid Meafure of fomse Eaftern Nations, 


MATALI or MATARI a Meafure in the Kingdom of Tunis which 
holds 36 Rotules: It anfwers to about ¢ Axtwerp Stopes; and 10 of 
them make an Ame of the fame Place. The Metah of Tripoly, and eve- 
ry where elfe in Barbary, is 42 Rotules, and is equal to 7 + Ames of Ant- 
werp; from whence we may conclude, that each of them weighs 40 Ib 
of Liquor Antwerp Weight. | 

ALMA: 1s a Meafure at Conftantinople, which anfwers to 1 $ Sfope of 
Antwerp; the Liquor contained in it weighs 10 ib of Antwerp. 

DORACH or DORAG is a Liguid Meafure amongft the Ara- 
bans; it approaches ae near to the Amplora Romana, and is divided 
into 8 “Fobern. | 

JOHEIN is divided 3 into 6 K Yf or Afcats, which nearly anfwer to 
the Roman Congius. : 
 KIST or ASCAT into 2 Corbins or Hemina, as the Romans 

had it. 

CORBIN into ‘2 Keliatb, which bear fome Affinity to the Roman 
Qyartarii. 

KELIATH i into 2 Caffick or Arfives, which equal the Roman Ace- 
tabula, 

CAFFUK or ARSIVE into 2 Cuetum, or as the Romans had ie Cpa 
thi or Cups. 

CUATUM into 4 Salgerins, which are perfectly the Roman Com 
chlearit or Spoons. 

Sobein amongit the Arabians is what the Congrus was amonpeft dhs 
Romans, and what the Greeks called Hing; it is 1 & Stope of Antwerp, 
and confequently the Dorach is 12.of the fame Stopes. 

ARTABA is an Aigyptian Meafure which juft anfwers to 18 Stopes 
of Antwerp. 

COLLATHUM in the fame Country is 6 — Stopes of Li- 
quor. 

SUBITHA is an Egyptian Meefare, which i is equal to 5 3 Stopes of 
the aforementioned Place. 

 DADIXis4 Stopes of Antwerp.” 

- COPHINUS is 3 of thefame. 

CHANIX of the Aigypriaps and the Axtwerpian Stope are © exaaly 
the fame. 


The MARES apd. a a are but i of the Antwerp Scope. 
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METRETES or METRETA is a Mea/ure at this Day ufed all 
over Greece, it contains 12 Choas: 45 of thefe make a Laff in that 
Country ; but the Amflerdam Lajffe requires 50 of the fame. | 

The PERSIAN ARTABA or ATRABA is divided into 25 Ca-. 
pila or Hemine, or (if you will) Hias: 45 or 50 of thefe Artabe make 
an Amfterdam Lafte. The Aigyptian Artaba is divided into 5 Apor- 
rbimes or Aporrbimé, or into 40 Chentces, or into 480 Inzons or Inia, or 
(if you will) Sextaries: 45 Aligyptian Artabe are equal to an Am/fterdam 
Lafte. 

TOPIN or TOPIUM in the fame Country contains 10 Chentces ; 
as does the Ephin 8 Sextaries or Inia. 

CAPHICI is a Meafure in Barbary which ought to contain 20 
Gutbes : 7 of thele Capbici are equal to an Amfterdam Lafe. 

DORACH or DORAG is the fame Arabian Meafure 1 juft now 
mentioned. They divide it in the fame manner both for Lsquid and Dry 
Things : Thus 80 Darach anfwer exattly to an Amfterdam Lafe. 

Thus have I done with what I propofed to fay concerning the Mea- 
fures of Capacity ; which if it falls fhort of the Reader’s Expectation, 
I am very forry for it; but-upon the whole I conceive that this Effay 
will not be entirely undeferving of favour, if it be duly confidered, that — 
I have done my utmoft in it ; and that I -have been induced to it by no 
other Motive, than an earneft Defire, of helping the Pyrotechnician and 
other Mechanicks, to attain fuch a Knowledge in this Matter, as is not 
to be acquired but by long Study, and continual Pra@tice. 


CHAP. XI 
Of Long Meafure, or the Menfurasion of Space. 


I Shall now. proceed to inftru& you in the nature of feveral forts of 

Mea/fures, which we hall often mention in the Sequel of this Work, 
when we {peak of the Menfuration of Lines and Surfaces; fo that a 
thorough Knowledge as to what concerns this fort of Meafure will be 
abfolutely neceflary. .We will begin with the leaft of them, and go on 
in the fame Order and Method, as has always been obferved by Geomes 
tricians, and fhall call them by the very Names they have given them. 
And Firft ; 

A FINGER, as it is called by. the Germans, Englifh, Dutch and 
Flemmings ; by the Poles, Palec; by the Latins, Digitus, and by the Hee 
brews, Esbatb, is 4 Barley-corns placed on one fide each other: Now 


the 


96 Of the Great Art of ARTILLERY. 

the Barley-corn is fubdivided into 5 Poppy Seeds, and this is the fmalleft 
Meafure that can be affigned to Diftances. But Merfennus contradicts 
this, and fays, he found that the Seed of a Red Poppy is larger than that 
of the White: He farther fays, that 2 Grains of Muftard-Seed touching 
one another, are equal to a Line of the French Inch; to which alfo 3 
Grains of Red Poppy Seed, and 4. of White, are equal. He again tells us, 
that a Grain of Scolopender or Finger-Fern Seed, bears the fame Propor- 
tion toa Grain of Muftard Seed, as 1 doesto5. From whence we may 
allow, that a Grain of Scolopender is the leaft of all Seeds, fince its Di- 
ameter is contained 2 $ Times in the Diameter of a Grain of White 
Poppy Seed. As for the fmalleft Grains of Sand, the fame Author adds, 
that 12 of them placed in a Right Line, and touching one another, take 
up the Space of a French Line of an Inch. Let us hence conclude, that 
- thefe Grains of Sand, in their utmoft Tenuity or Finenefs, are the fmalleft 
Meafure we can think of. . | 

The UNICA, INCH, or DIGITUS MAJOR, called by the 
Germans, Zol and Daum, contains in Length 4 Barley-corns, and is by 
the French divided into 12 Parts or Lines. 

The SMALL-PALM, by the Greeks, Doron, and by the Germans, 
ein Quere Handt, and by the Poles, Dion, ought to be 4 Fingers or Di- 
gits broad. | 

The Length of the Hand is what the Greeks called Orthodoron, it is 
exactly 11 Digits. | 

The GREAT-PALM, or SPITHAMA, by the Greeks, Lychas, 
by the Hebrews, Topbac, by the Germans, ein Spann, by the Poles, Piadz, 
and by us a Span; is 3 fmall Palms, or 12 Digits, or 9 Uncie or Inches: 
This Meafure (as Merfennus fays) ought to be taken from the Extremities 
of the Thumb and little Finger, when firetched out to the utmoft Esctent 
they can be. 

The FOOT, by the Germans, ein Fufs, or Schuch, and by the Poles, 
Stopa, ought to be 4. Palms, or 16 Digits, or 12 Uncie or Inches. Con- 
cerning the Divifion of the Foot, Philander, one of the Commentators 
upon Vitruvius, has made the following Remarks upon his IIId Chap. and 
IIId Book, (viz.) Columella, Frontinus, Ifidorus, and fome others, differed 
from Vitruvius in the Divifion of the Foot; for all, except this Author, 
were for having it divided from the Beginning into 4. Palms or 16 Digits; 
but as this Divifion was fomewbat perplexed and irregular, thofe who ftuck 
to it, taking an Affis for a Foot, divided it as well as every Integer (which 
they commonly called Affis) into 12 equal Parts; one of which was called an 
Uncia; two of them a Sextans; three a Quadrans ; four a'Triens; five a 
Quincunx; fix a Semis, and fo on to to twelve, which conftituted the Affis 
or Foot. But our Geometricians having confidered, that the Uncie an- 
fwered to our Inches, rejected the former Name, and affumed the latter; and 
indeed if we compare them together, we fhall find that 3 Inches make 4 
Fingers. Objerve here, that I do not fpeak with regard to the Remark in 

| Frontinug’s 
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Frontinus’s Book of Aqueducts, where he mentions two forts of the Inch, 
namely, the Round Ynch and Square one, and that the Rounch Inch is le/s 
than the Square one, by three of its own Elevenths, and that the Square is 
bigger than the Round one, by three of its Fourteenths. This is Philander’s 
Opinion concerning the Divifion of the Roman Foot. | 

What I have further to add, is that the Roman Foot is of various 
Length in different Parts of the World: In fome Places it’ is of two 
forts ; as for Example, Swenterus relates, that there are two forts of it in 
the Town of Noremberg (namely) the Town or Civil Foot, which they 
call Stadt-Schuch, which contains 12 Uncia or Inches; and the Mecha- 
nick or Work Foot, which they call Werck-Schuch, which is but 11 of 
the fame Inches; but this Foot they have divided into 12 equal Parts, 
which they call Uncie or Inches, in Imitation of thofe of which the 
Town Foot is compofed. Now perceiving that this great Inequality of 
Meafure, would perplex and confufe us in a great many of our Opera- 
tions; I had formed a Defign of reducing the Feet of all the moft fa- 
mous Provinces and Cities in the World, to one that was determined, 
and the-beft known of all, and to compare them with that, in the fame 
-manner as has been done with regard to the Contents and Capacities of 
Weights and Meafures. But Matthias Dogen anticipated my Intention, 
by lately publifhing a Treatife of Miltary Architecture; fo that he 
has eafed me of this Piece of Trouble, and got that Palm which I pro- 
pofed to acquire as the Reward of fuch an Attempt; therefore finding 
that he has acquitted himfelf very handfomely upon this Head, and that 
he has reduced all the Feet to that of Rhynland or Rynland; I thall on- 
ly tranfcribe them from him, for the ufe of the Pyrotechnician and 
others. 7 
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I fhall to this add what has been remarked of the Old Roman Foot, 
namely, that it bears fuch Proportion to that of Rynland as.97¢ does to 
1000. Imean that Roman Foot, the half of whofe Dimenfions we find 
in Philander, the Interpreter of, and Commentator upon, Vitruvius, in 
his Book III. Chap. III. which, he fays,. was taken from an Antique _ 
Marble, ftill.to be feen at Rome in the Gardens of Angelus Colotius,.. 
and anfwers pretty well to that which was found on the Monue 
ment, of Ceffucius Statilius, which having been a little. while ago 
difcoyered by “fames Meleghini (one of the beft Architeéts belonging 
to the Pope) was through his Means removed to the Vatican Garden. 

Moreover Mer/ennus obferves in the Margin of his firft Book of Mea- 
fures, &c, that there are two different forts of Meafure of the Old 
Roman Half-Foat ; one of which he fays was taken from the old Walls 
of the Capitol, and is carefully preferved in the Library at Paris. This 
(as I have often tried) when doubled does not agree with the whole 
Roman Foot which Philander has given us, by nearly § {, and is 45 or x38 
lefs than the Ryzland Foot ; and thus this Foot is to the Rynland Foot as 
950 isto 1000. I have farther obferved, that this Foot of the Capitol 
is exactly the fame with that of Poland (of which I have a very nice 
Meafure) which Foot is likewife ufed in Lithuania. We find another 
Meafure of. the Half Foot, which is.taken notice.of by Mer/ennus, and 
which Villalpandus fays he took from Congius Farnefianus. The Mea- 
fure of the Roman. Foot which Philander has given us, exceeds the 
double of this laft:by 5,45, and its Proportion to the Ryzland Foot is as 
969 to 1000. . Merfennus affures us again in the fame Place, that the 
Royal Foot of France (the Meature of half of which he alfo gives us) 
exceeds the Rynland Foot by 6 Lines, or $ an Inch. But having myfelf 
applied the double of this Meafure to the Rynland Foot, I found that 
the former exceeds the latter by 34:;; therefore according to my Obfer- 
vation the French Foot ts to that of Rynland, as 1050 is to 1000. But 
we have faid enough of the Foor, ——_ we now to fuch Meafures as 
are larger and more confiderable. 

The PALMI-PES of the Latins, me the PENTADORON 
and PIGON of the Greeks, which we will call the PALM-FOOT 
from the firft of them, isa Meafure that takes in the length of 20 Fin- 
gers, or Digits; that is a Palm and a Foot; and is to be taken from the 
Extremity of the Elbow to that of the Hand. when clofed, or theFift. 

The ELL, ‘by the Hebrews, Ammach, by the Germans, ein Elen, or — 
Elbogen, and by the Poles, Lokiec, is 24. Fingers, or 6 Palms, or 14 
Foot, or 18 Unci@. This Meafure is taken from the Extremity of the 
Elbow to that of the middle Finger. In Perfia and Egypt, the Geome- 
trical Ell is 6 of ours. ‘Fhe Engh/b Ellis 3 Feet, g Uncie or Inches. 

But there being fo great a Variety in the Length of the E// in differ- 
ent Places, as well as in that of the Foot; I here fhall give you the Re- 
duction of it to the Rynland Foot, as we have borrowed it from the 
abovementioned Matthias Dogen, If 


Of Hereford --------- 1326 
Of Florence - - - ------ 1846 
Of iba upon Main --- 1760 
Of Hamburgh - ------- 1842 
Of Leyden - -----+----- 2189 
Of Lubeck - - ---+---- 1842 
Of London ----------= 2904 
f Middleburgh - - -.---- 2106 
Of Noremberg - ---- - -2.- 2105 
Of Oudewater - ------ = 2190 


_ Afthe Rynland Foot 
was divided into 1000 
equal Parts, the E// 
of each of thefe Places 
would contain fuch a 
Number of thofe Parts, 
as is exprefled over- 
aginft the Name of 
each Place in this Ta- 
ble, (viz) the Ei 


To-this I fhall fubjoin, from Merfennus, that the Paris Ell contains" 
3 French Feet and 7 + Inches; confequently it will bear fuch Proportion 
to the Rynland Foot (according to our Obfervations) as 3806 and #3 


does to 1000. But, according to Dogen, it is as 3824 to 1000, or there- - 


abouts. - In Poland the Ell is 2 Feet, and this E// (if our Obfervations ‘ 
are right) is to the Ryz/and Foot as 1900 is to 1000. 

Befides this; Merfennus affures us, that the Broccio or Brace of Flo- 
vence (which isa kind of E/]) bears fuch Proportion to the French Foot 
as 43 does to 24. But as to the Hebrew Eli, he makes it 1 Foot, 4 
Inches, and 3 Lines, according to the Capitoline Meafure before 
mention‘d. 

The PACE, which the Latins called Gradus, Greffus, or Pafus Sim- 
plex, the Germans ein Einfacher Schrit, the Dutch een Stap or T; rede, 
and the Poles Krok, ought to be 2 1 Feet long. , 

~The PACE, which the. Germans underftand by the Words ez Dop- 
pelter Schrit, is exactly 5 Feet. 

The ORGYA or FATHOM, which the er seaiis call ein Klafter, 
the People of the Low Countries een Vademe, and the Poles Zazen, ought 
to be 6 Feet long. ‘fulian the Ajcolonite, an excellent Archited, would 
have this Meafure called an E//. : 

The CANNA and REED, which the Hebrews called Rewishk is 
6 of the Hebrew Ells. Merfennus mantains that this Meafure contains 8 
Feet and 13 Inch, according to the Ratio between the Capitoline Foot 
and that of France, which (ashe fays) is as 130 is to 144, or as 65 is 
to 72, or thereabouts. 

The PERCH or. RODD, of 10 Feet, which, — the Gere 
mans, is‘called ein Mefs-rubte, or Stange, by the Flemmings een-Roede, ' 


and ee the i Prent, was formerly divided into 10 Said by the An- 
cient 
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cient Romans : ; from whence they gave it the Name of Decempeda; up- 
on which Account it was that Cicero, that Prince of Orators who knew 
~ fo well how to adapt fignificant Terms upon all Occafions, called thofe 
Geometrictans of his time that ufed this Meafure Decempedatores, Its 
Length is varied infinitely at prefent: As for Example; in the Low 
Countries the Rhynlandic Perch is 12 Rhynland Feet ; but to render the 
Calculation of this Meafure eafy, and as much as poffible to avoid Fra- 
ctions, their Geometricians have divided it into 10 equal parts, which 
they call Feet, each of which are fubdivided into 10 Uncia. In Poland 
and Prigfia the Perch is 15 Feet, or 7 4 of their Ells, this is what they 
call Culmenic, but commonly Prent, or Miara Chelmienska. In the © 
Territory of Noremberg it is 16 Feet. In the Marquifate of Branden- 
burg 12 Feet. In France (according to Merfennus) 22 Feet make a 
Perch, Inthe Territory of Ghent 14 Feet, but every where elfe in Flan- 
ders itis 20 Feet. ‘There likewife does the Foot vary, inafmuch as in 
fome Places it is 10, and in others but 11 Uncia. In England the Perch 
is 16 $ Feet, and in Ireland 18. ) | 

_The CORD or CHAIN is a kind of Meafure well known in moft 
Countries, and is what the Latins called Funis Chorda and Catena; the 
Germans call it ein Schnur and Kette : This is what the Romans former- 
ly meant by the Arvipendium; the Poles call it Sznur and Weii/ysko, with 
~ whom it is 10 Perches: But its Length is not always the fame amongft 
Surveyors. 

The STADIUM or FURLONG, and the Aule, Rofe-lauff of 
the Germans, and Stata of the Poles, is in Length 125 Geometrical Pa- 
ces, or 625 Feet: Among the Greeks the Stadium was 125 Paces, and was 
properly the Meafure of a Foot Race. 

The DIAULUS was double of the Stadium, it being 250 Paces. 

" The HIPPICUM was 4 Stadia or 500 Paces: This was properly 
the Mea/ure of an Horfe Race, or Breathing. 

The DOLICHUS was 12 Stadia. 

The SCHAENOS was 60 Stadia; but in fome Places 40, and in 
others but 20 only. 

The MILE isa Meafure well known to all the Europeans, and is de- 
rived from the Latin Word Mille a Thoufand, the Roman Mile being al- 
ways compofed of 1000 Paces: But this Mea/ure varying its Dimenfions 
in the different Places where it is ufed, I have here inferted a Collecti- 
on of fuch Spaces, as are the moft common in feveral Countries, and 
which bear any Affinity to the Mile ; that you may with the more Eafe 
and Exactnefs compare the Mile of one Country with that of onother > 
and that you may fee the different Mea/ures with which Geographers de- 
termine the Diftance of Places: Thefe are reduced to the Rhynland Foot; 
(which we here own to be equal to the Roman) the whole according to | 
the Calculation of Dogen. 
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MILES. | FEET. 
Of Aigypt, ~ ~ ~ 2 5,000 called Schenos. 
Of England. - - -~ 5,454. 
Of Burgundy, ~ 2 18,000 
Of Flanders, - - ~ 20000 eee on 
Of France,- - 2 2] 5759 called Liciée or League, 
| : 20,000 the Leffler. 
Of Germany, - ~ 22,500 the Mean, _ 
_ C 25,000 the Greater: 
Of Holland, > ~ = 24,0006 
Of Swiferland. - - 26,666 
Of Spain, - - ~ 9 1,270 called Legua. 
Of the Hirarian Way. 15,000 | 
Of Italy, - - 7. 5,000 
Of Lithuania, ~~ ~ 28,500 called Mila. 
Of Mofcovy. 3750 called Warfta. 
Of Poland, - ~ = 19,850 called alfo Mila. 
Of Perfia,- - ~ . 18,750 called Parafang. 
Of Scotland. - ~ ~ 6,000 
Of Sweden, - « - 30,000 


I fhall now haften toa Conclufion of this Book, omitting feveral o- 
ther kinds of Mea/ure ufed in furveying Land, in which the Surveyors 
are governed by the Cuftom of the Country where they are employed, 
and-which the Pyrotechnician has nothing to do with. T fhall only add 
that the Poli/h Acre (which the Poles call Lap Role, the Germans, Mor- 
gen and Fauchart, and the Flemmings, een Bunder-Landts) is the Breadth 
of one of their Chains, or 10 Perches of 1 5 Feet each, or 150 Feet; its 


Feet Broad and 240 in Length, and confequently contained but 2880 
Square Feet. The O/d Roman and Polifh Feet are equal, as I have al- 
ready fhewn. | 

Again; let us add that 30 Square Acres of Lithuania and Warfovia, 
confticute a certain Meafure of Portion of Ground which the Latins cal- 
Jed Manfio and Modus Agri, that is, a Day’s Journey, and Form of a 
Field ; and which is commonly called by the People of thofe Countries 
Wloka, and is the fame that the Germans mean by Hube or Hu/e. Now 
the Breadth of this Plot of Ground is always 4500 Feet, or 30 Chains. or 
300 Poli/h Perches, and its Breadth is the Length of 3 Chains or 30 
Perches, or 450 Feet; and the whole rea of it contains 2025000 
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Again; in Warfovia they divide the Breadth of the Acre into 2 Zagon 
Liras (as they call them) each of which is 75 Feet Broad. Thofe who 
would know more of this may confult the Surveyors of Land, and fuch 
Geometricians as have more to do with it than I. | 

To conclude: You will have the true and exa&t Meajure of the Rhyn- 
Land Foot, as well as of all thofe reduced to it, in our univerfal Pyrotech- 
nical Ioftrument, the Form and Ufe of which I thall give in the fecond 
Part of our Artillery. Proceed we now from the Theory to the Practice 
of our Pyrotechnics, and fet ourfelves to work, fince this Book has fo 


plentifully furnifhed us with the at Tools. Attend then to what © 


follows. 
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PART th FIRST. 


BOOK I. 


Concerning the Things which are commonly uféd 
mm Pyrotechnics, or Artificial Fireworks. 


CHAP. I. 
of the Origin of Saltpeter: its Nature and Operations, 


Os, RT is moft certain ‘chat feveral learned Perfons, and’ 
(Seqsy, fuch as were verfed in Natural Philofopby in the early 
{S'S Ages of the World, were well acquainted with the 
aexvy Nature of Saltpeter and Salnitre. For a Proof of 

ix? WE this we need only confult the Sacred Writers, by 

7; S28 whom we fhall find it particularly mentioned, as may 

be feen in the * Fifth Book of Mo/es, Chap. xxix. 

We fhall likewife find it largely treated of by feveral Prophane Authors, 
of which Number is Piizy, who fays a great many Things of it, 
Lib, 


* Deuteronomy rxix. ver. 23. And that the whole land thereof is Brimftone and Sale and 
Barring, and that it is not fown, nor beareth, nor any grafs groweth therein, like the over- 
throw of Sodom and Gemorrah, Admab and Z eboins, which the Lord everthrew in bis Anger 
and in bis Wrath. 
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Lib. xxxi. Cap. vii. and x. as does likewife Vitruvius; Lib. vii. Cap. xi. 
Ar iftetle, Seneca, and Diofcorides Lib. vy. Cap. cxxii. Philcftratus in 
the Life of Apollonius Tyaneus; together with a prodigious Number 
of others too tedious to enumerate, from whom the Truth of this AC 
fertion may be Proved, namely, that the Ancients were acquainted with 
the Properties of Saltpeter. What I have to fay upon this Head is, 
that there are fome Moderns who are firmly of Opinion, that the Salt- 
peter ufed by the Pyrotechnicians ih our Days, is widely different in 
Form and Virtue from the N Itre of the Ancients, and confequently will 
have it, that ouré is a new Invention, or a Difcovery of very late Date, 
purely calculated for the Service of Cannon. ‘Thofe who entertain this 
Opinion are thus far fupported byReafon ; that we are affured by feveral 
That the Ancients knew of but one kind of Nitre, (viz.) the Mineral or 
Foffil fort, which was naturally formed without any human Art, in 
Places from whence they took it: And this they divided into fou; diffe- 


rent. forts, namely, the Armenian, the African (from whence the Afro- 


nttre which 2urcen calls Baurach in Arabick) the Roman, and the Eg y\p- 


lours, as white, red, ruddy, livid, or lead Colour, and of every other 
Tincture it was capable of: F urthermore, the Conftrnétion or F Orth of 
it was vatious ; for fome of it was porous and {pongey; and fome of it 
on the contrary, was more clofely compacted, folid, bright, tran{pa-~ 
rent, brittle, glittering with {mall Sparkles, and crumbled with handling. 
From thefe Accidents they judged of its Virtue and natural Force, the 
one being much more powerful than the other in jes Operations. This 
is what I have been able to collet, from the Teftimony of the beft re- 
ceived Authors, concerning the Mineral Nitre ; amongft whom I do 
not find the leaft mention made of the Artificial Nitre now ufed by 
us, and which we properly call Saltpeter, Salnitre, or Halinitre. Burt 
whether this Ancient Nitre is entirely loft to us (which however Scq_ 
higer denies, Exoter in a Difpute with Cardan concerning Subtility 


and Qualities of the one with the Effects of the other. Neverthelefg 
the learned Scaliger {trenuoufly maintains, in the Place | have already 
quoted, that this Ancient Nitre (if any of it ig femaining) is not very 


differene 
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. different from our Saltpeter, particularly if we confider it es to the Fine- 
_ nefs of its Parts which ate very firbtile and aerial. I ¢hall here infert the 
tollowing Words from him, becaufe they will not a little contribute 
. the Proofof this Matter. For as fome Salt ts kofl, fome extrached from 
Sea Water, fome from Springs, and fome from Apes; or és Gla/s 2s pre- 
_ diced from Stone or Flint, fo likewife may a Salt be naturally generated 
from Nitre; and accordingly it Jprings out in Caverns, os we are told by 
Pliay. That which fooots out of the Serface 1s commonly concreted in the 
form of Salt by the Heat of the Sun. But Sakpeter is fo far from being zz 
Fofpl Salt, as sts parts are more fubtile, than tbe parts of either that or 
Nitres for both Salt and Nitre’are not fo wniver/ally confined by Fire, 
but that fome Dregs remain after their Combuftion 5 but Saltpeter is en- 
tirely abforbed by it. Wherefore the Fofel Salt is more terrejftr tous or carthy 
then the Nitre of the + Nitraria, and this Nitre than that which Springs omt 
ks Gaverns. This Cavernous Salt is ithe a very fine Flower: But on the 
contrary maf not this be more varthy than that, becaufe it is lefs aerial? 
And that more aerial than this, because it ts more refined in the Nittariz 
then in Caverns? The fineft Particles of that which fboots out of the Sur- 
face are exhaled by the Sun; dut in Caverns it is quite otherwife. Muff 
not therefore the Cavernous Salt be more crafs or grofs, becaufé it is lof re- 
fined? Fuft as green Fruits are more crude, than wwofe that are. ripened, 
and dave imbibed the Sun-beams, Tbe Fojfl is more gras than the Sea 


Salt, as well on account of its CoBion or Preparation, ‘as of tts Subfpance. — 


This 1s too Aqueous, and that is too Terreftrious 5 and neither of them fo fub- 
ttle as Salpeter, There is a Moifture that is in fome degree natural te Ne- 
tre; but as it is a kind of fubtile Scum, st is entirely devoured by Fire, 
ind ever as that Camphire which durfts through the Rind or Bark of the 
Tree is preferable to that which is untimely taken out of the Matrix where 
st is formed ; fo that Nitre which fprings out of the Surface is the bef: 
Lbat indeed which ts generated in Farrows in the Clefts of Caverns is finer, 
if we confider it purely as to its Parts; but if you will make an Allowance 
Jor the Operation of the Sun-beams it muft be left pure. That which ad- 
deres to Rocks where it is dried up, (from whence it is called Saltpeter,) 
dears a great Analogy and Likenos in Nature to Nitre itfelf, But it is more 
Merial, and rather inctining to the old kind of Afronttres for we bave fre- 
quently obferved a kind of Luftre of @ glimnnring Purple in the Shivers of 
Saltpeter. | —_ 
Thus by the Arguments of this great. Man we fee, that there is as 
much difference between Nitre and Saltpeter, as there is between a per- 
fect and an imperfect Mineral; between one that is pure ahd refined, and 
one that is rude and grofs; between what is fubtile and eétial, and what 
3s earthy and ¢rafs; in fhort, as much as is berween a Spirit and a Body. 
‘We imay then conclude that Saltpeter is the nobleft kind of Nitré. That 
the fort in ufe with us, was not well known to the Ancients we thall 
-. & By Nitraria you are to underftand a Place where Nitre js refined or perfeGed either by 
the Sus or by Fire, : 
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eall Phiny to witnefs, not to mention feveral others who would do the 
fame: For he openly and plainly calls that Salt which was naturally 
formed, on the Surface of Rocks, and in Caverns and deep Cavities of 
the Earth, the Flower and Scum of Nitre, and Saltpeéter or Stone Salt : 
A little of this is {till found in fome Places, and in others none at all: It 
is generally met with upon old Walls and Ruins which are expofed to the 
Wet; but particularly in Cellars and Vaults, where Wine is kept, and 
in many other fubterraneous Places which are cool and damp: It near- 
ly refembles white Froft, or pure Flower, or fine Sugar, and is as white 
as Snow: The Virtue of this is very confiderable, as I myfelf have fome- 
times experimented. If you would prepare this Salt by the Rules of our 
Art, it muft be granulated into {mall Corns, and you will fee how ex- 
aétly it will affume the Form of the ancient Nitre which Piiny {peaks 
of, and which Scaliger defcribes above. But as it has been impoffible 
to get fufficient Quantities of this, to anfwer the continual Demand 
there has been of it, for the Service of fo many Wars, which have been in 
Agitation for fo long a time paft ; and preyed upon the fineft Inheritan- 
ces of Princes, and wafted before our Eyes, the greateft part of the moft 
powerful Empires, and moft noble States of the Univerfe; Men have 
been obliged to feek out a new fort, to fupply the Defect of the Old; 
which being with much Labour and Induftry taken from the Bowels of 
the Earth, it is purified, and wafhed feveral times, in order to feparate 
all cerreftrious and grofs Particles from it, and to diveft ic of its native 
Crudity. In fhort, it is cleanfed, and brought to fuch a Degree of Per- 
fection, that it yields neither in Form nor Virtue to the Saltpeter of P/:- 
ny, nor even to that of Scaliger. 


Therefore if I may have leave to declare my Sentiment as to this Point, 


I fhall (to remove all manner of doubt) infift upon it, that Scaliger meant 
no other Saltpeter, or Salt condenfed into a ftony Confiftence, than that 


whofe Ufe, artificial Preparation, Origin, &c. is familiarly known to — 


us, and which we fhall fufficiently treat of in fome of the Chapters of 
this Book. It is not a fufficient Objection againft us to fay, that our Sale 
does not grow naturally and of its own accord, like that of Pizy which 
{prings out of the Surface of Rocks, and fills up the Clefts of Caverns, and 
the Apertures and Crevifes of old Buildings, where it is condenfed, con- 
creted, or petrified in little Furrows; for as Art is the very Ape of Na- 
ture, and fince fhe imitates her in every thing fhe is capable of; it muft 
not be thought ftrange if we with a little of her Affiftance, and a large 
Portion of our own Induftry, attain to the Perfection of her Produéti- 
ons, and (if I may fo fay) exceed by far her moft perfe&t and elaborate 
Works. Do we not fee a vaft Number of Mafterly Performances exhi- 
bited by excellent Artifts, after a long and affiduous Labour, which can- 
not poflibly be imitated by Nature, though fhe were to exert her Power 
to the utmoft? We may then conclude that our Pyrotechnic Selt, which 
bears down all before it, and forces its way every ew is very like the 

Salt- 
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Saltpeter of the Ancients, or in a Word, that they do not in the leaft 
differ from one another. For if fo it be, that the Nitre of the Ancients 
was or is a Foffil, I am inclined to think it was much of the fame Na- 
ture with the Matter or Earth from whence we extract our Saltpeter ; 
which if it be prepared according to our following Method, I may ven- 


ture to affirm, that it will in every refpect correfpond with the natural — 


Salepeter, and by repeated Purgations, may become mere pure and ex- 
quifite. In rectifying common Salt, and refining of Sugar, they are al- 
ways fineft after the laft Operation. But notwithftanding what I have 
been faying I hall prove by a plain Argument, that the Opinion of thofe 
who believe our Pyrotechnic Salt to have been newly invented, is not 
only abfurd but falfe likewife ; inafmuch as feveral creditable Authors fo 


highly and often commend. the Inventor of Gun-powder; but fome-: 


times {peaking of him in another Strain they load him with a thoufand 
Maledictions, and deteft his pernicious and abominable Invention : It is 
not that they accufe him of having difcovered a kind of Saltpeter till 
then unknown, for the Ruin and Extirpation of Mankind; but of hav- 
ing hit upon a Compofition of certain Quantities of Nitre, (which was 
then commonly known) Sulphur and Charcoal mixed together, and of 
having introduced thofe thundering Engines of War, which they called 
Cannons, and what is worfe, of having handed this deftructive Inventi- 
on down to Pofterity. I however agree and believe, that Saltpeter was 
never ufed in the Compofition of Artificial Fire-works, before our Gun- 
powder was found out; but in procefs of time, and as our Days en- 
creafe in Experience, as well as in Number, People with Aftonifhment 
obferved the ftrange Properties and horrible Effects of Gun-powder (of 
which Saltpeter may be properly called the very Soul) and perceiving 
chat Fire diffipated and confumed it fo univerfally, and feemed to devour. 


it with more Greedinefs than any other Matter whatfoever, they took it. 


into their Heads, to ufe it in making Artificial Fire-works, and fo have 
continued to do to this Day. That which Nicetas Choniates, and Fo- 
bannes. Zonoras relate concerning the Grectan Fire which was invented 
before the Reign of Conffantine Pogonatos Emperour of Greece, is not ve~ 
ry repugnant to our Opinion: But there are thofe who affure us (though 
they are not much credited) that Marcus Gracchus was the Author of it, 
and to whom they attribute two forts of it, which we thall {peak of in 
another place, juft as we find them taken Notice of in fome Arabick 
Books, which are the fame with thofe mentioned by Scaliger in his Exer- 


cit. CXXXIII. Lib. XV. againft Cardan; ‘in which I obferve, that a- | 


mongft the many combuftible Matters they are compofed of, Saltpeter 
and Oil of Nitre are not moderately ufed, but in Proportion to the reft 
make up the greateft part. This I think we may fafely fay, namely, 
that the mixing of Saltpeter with other combuftible Ingredients is a new 
Invention ; or elfe (as it may be too rath to doubt of what has been faid 
by fo many Authors of fuch great Probity, and who lived in — 

epu- 
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Reputation) we may conclude that it was not commonly known, and 
that it was concealed as an emtraordinary Secret; which obliged Semi- 
maurus (as Scaliger has it) to fay, that it was perfectly miraculous, be- 
caufe of its ftrange and wonderful Effects. Idare not doubt but that 
the Ancients had their Judgment fo far enlightened as to know that 
Salnitre or Saltpeter was of a very igneous Nature; for it is a very old 


Opinion (though to fome it may appear new) that though Saleperer 


feels cold to the Touch, and appears white to the Eye, yet that it is 
very full of Red Spirits, and is naturally very hot and fiery. If we 
wanted Teftimony to prove this, the Holy Screpture, which is the pure 
Fountain of Truth, will furnifh us with it, by {peaking (0 plainly of 
Fiery or Combuftible Salt, in the Paffage we have already quoted. But 
what furprizes me the moft is, that the old Romans (not to men- 
tion the Grectans and Carthaginians, who at aH Times, and in all Things 
were their great Emulators) who were the moft perfect and beft verfed 
in Military Knowledge, of afl the Nations which bore Arms in their Days; 
I fay, it is furprizing to me, that though in their Defences and Attacks 
of fo many confiderable Places, that either owned their Power, or were 
befieged by them, they made great ufe of Fireworks, ar burning Oi! 
(which they called Naptha) Sulphur, Bitumen, Pitch, Frankincenfe, 


 feveral Ways prepared, Rofin, &c. yet never made any Account of Salt- 


peter, whof Power and Efficacy far exceeds all chofe Things; whether ir 
was that they preferred all thofe Drugs to it, or that their Engineers 
(which I dare not advance without trembling, fince Lipfusfays, pauca non 
habemus inventa ab avo illo meliore & Japientiore). were Strangers to the 
Nature and Properties of it, and confequently were not aware of the 
Service it might be of in their Freworks. However, ic may not be un- 
likély that they ufed it, though they might keep it as a great and my- 
fterious Secret in their Pyrotechnicks, and never divulged it to thofe 
whofe Curiofity might lead them to inquire into the Caufe of fuch 
wonderful Effeéts as they faw or heard of. ‘Thus as it was only known 
to thofe who were immediately concerned in the Preparation of their 
Fireworks, neither Titus Eivy, Caefar, Tacitus, Salluft, Polybius, Vege- 
tius, nor any other Hiftorians, fpeak one Word of Salnitre, Niere, or 
Saltpeter, in their Writings; though, amongft the famous and grear 
Exploits of the Romans, they have defcribed their Machines, their 
Arms, and their Fireworks. It is certain that both Greeks and Romans, 
Arabians and Egyptians, ufed Nitre in feveral of their Medicinal Com- 
pofitions, if we may believe Galen, Hippocrates, Theophraftus, Avicen, 
Averroes, and the Writings of many other Authors. ‘It has likewife 
been remarked in fome Writers, that Paftrobius a Freed-man of Nero 
fent to Egypt for certain fine Sands, found near the Nile, which were 
mmpregnated with a great deal of Nitre, with which he ufed to whiten 
his Skin; and I believe it was fomething like what Ovid {peaks of in 
a Diftich, by way of Adyice to thofe of his ‘Time who painted, 
: Nee 
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Nec Ceruffa tibi, nec Nitri fpuma rubentis 
Deft & Illirica que venit Iris humo. 


He here advifes them not to be {paring of Cerufe and Nitre, &e. 


And again, a | ; 
Thus ubi mifcueris radénti tubera Nitro; 
| Ponderibus juftis fac fic utrumque trabent. 


‘This was perhaps a kind of corrofive Compofition made of equal 
Quantities of Nitre and Frankincenfe mixed together, which he pre- 
feribes for removing all Cutaneous Blemithes, fuch as Marks of the 
Small Pox, Pimples, Freckles, &c. 


The Egyptians feafoned their Horfe-radith with Nitre, juft as we do — 


our common Radifhes with Salt. The Macedonians mixed the Flower, 
with which they made Bread, with a little of the Calfrine Nitre, 
which was found in great quantities in the Quarries of Clytes in Mace- 
donia; which was excellent Seafoning, and with which they falted their 
Meat. I believe I need fay no more to you upon this Head, and that 
what I have offered here, will change the Opinion you might have had 
concerning Saltpeter, if you before entertained any Thoughts about it 
that were repugnant to ours; and I hope we fhall for the future be of 
one Mind with regard to this Faét, jointly confefling that our Pyro- 
technic Salt was very well known to the Ancients, and that it is very 
like their Nitre, before its being prepared; but being refined and puri- 
fied, it exactly anfwers to their Saltpeter. This being laid down, let 
us procecd to the Artificial Preparation of our Salt. But in the mean 
time, I prefume, it will not be taken amifs, that I clofe this Chapter 
with an Account of the Caufe why Saltpeter detonates or makes a 
Noife and Sparkling in the Fire, by way of Corollary from Scaliger a- 
gainft Cardan Lib. xv. Exercit. 24. as follows: Diz benefaciunt Salipetra, 
&c. May the Gods ble/s our Saltpeter (cries he) which keeps from us thy dan- 
gerous and fiery. Difficulties, though of itfelf it be of the moft igneous 
Nature. Thou wouldft have us believe that Saltpeter retains many earthy 
Particles, becaufe it detonates, or makes a Noife in the Fire: But that 
can never be the Reafon, for tf it was, Earth ought to detonate when beated 
by that Element, which it does not. Is it then the Rarity of it? which 
Ariftotle calls spauormra and coxpornra 3 this I cannot think; for daily 


Experience fhows us, that Mufhrooms are filent on the Fire. Is it then the 


Hardnefs or Solidity of its Parts joined to tts Rarity? This is not likely, 
Jfince the Pumice-ftone bas not that noify Quality. Some other thing muft 
then be the caufe of the Detonation of Saltpeter when enkindled. The Di- 
vine Preceptor in the eleventh Section of his Qyeftions, fays, That Salt- 
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peter makes a noife in the Firé, becauje it contains a great deal of Moifturé 
init, which being bighly rarified by Heat becomes meerly fpirituous: It is 
thus I interpret wvdjuare,). Tt contains rather Air than Water, which 
being violently expanded by Fire, becomes impatient of the narrow Bounds 
which confined it, when cobering.in a more compacted Form; and therefore 
burfis open its Prifons fo that the outward Air being greatly agitated by 
this Explofion, you confequently hear that Clamour which ufually attends 
the burning of Saltpeter, and other Things wherewtth it is incorporated. 
Let not this appear firange, for Chefnuts, and Bay-leaves, as well as thofe 
of Funiper (and I believe the Berries of them too) do the fame thing, 
which contain much Air and little Moifture. It is not fo with the Pumice- 
fone, whofe Pores are all open and pervious, and confequently the dir in 
them muft be of the fame Tenor with the circumambient Air. 


CHAP. IL 


The Method of preparing Saltpeter from a Salnitrous 
Earth. 


T HE Earth or Matter that is productive of Saltpeter, is commonly 

found in great Plenty, in dark, fhady, and cavernous Places, 
which are equally guarded from the Heat of the Sun-beams, and from 
the Accefs of Rain, or any kind of frefh Water. It is likewife met 
with in Stables and other covered Enclofures where any fort of Cattle 
are kept; and alfo in fuch Places where Men ufually difcharge their 
Urine. In hhort, it is to be found in Fields and other Scenes of Battle, 
where Heaps of putrified Carkaffes lay covered with Earth: Such Places 
as thefe have for many Years paft been ranfacked, where great Quan- 
tities of Saltpetrous Matter have been found, particularly in Wallachia, 
and in the Defarts of Podolia, between the Bch and Bori/thenes: Upon 
which Account the Poles have been formerly obliged to war againft 
the Crim and Precopian Yartars, and what is worfe are at this Day 
involved in dreadful Confufions with the Cofacks, who have rebelled 
againft them. ‘ But, O God! be thou propitious to the Enterprizes of 
‘ our invincible ‘fobn Cafmir, by thy infinite Goodnefs King of Poland 
* and Sweden; inf{pire him, and conduct hin in all his Undertakings, to 
* the end that taking into his Hands the Reins of his Empire, which thou 
* haft lately committed to him, he may not be inclined to guide them 
* through the Paths of Clemency and Mercy ; (Ornaments much more 
: becoming a King, than the Severity of Punifhments;) but may his aveng= 
* ing and victorious Arms juftly chaitife the Infolence, and mow down 


* the Heads of thofe turbulent Spirits, who —_ always born to Servi- 
4 | tude, 
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© mde, yet like wild and reftif Affes, have always refitted againft the 
‘ Spur, and formerly refufed a Submiffion to the mildeft Laws of their 
‘ Sovereigns ; and now not contented with a Profpect of Liberty (a Hap- 
‘ pinefs:too refined for their rude and barbareus.Tafte) they meditate I 
‘ know not what Empire over others. May he extirpate the Generation 
* of them, and when his juft Severity fhall have fubdued them, may he 
‘ deprive them of all Hopes of Forgivenefs, and make them dearly pay 
‘ for their perfidious Rebellion: In fhort, after having heaped dead Car- 
“ kafs upon dead Carkafs, and made difmal Burial-Places of that vile Race, 
© (obliging them.at.once to groan under the Yoke oftheir own Ruin, and 
* the'Weight of our Earth, after the manner of the Giants whom ¥upiter 
‘ overwhelmed for a Crime of the like Nature) may we add the Hills of 
‘ thefe newly-deftroyed Carkaffes to the old ones, whofe faithlefs Foot- 
‘ fteps they putfued. From thefe Monuments of Mortality and juit Ven- 
* geance will Pofterity have ample and glorious Subject, whereon to 


* yield immortal Thanks to the Heroic Virtues of fo powerful a King, 
< when they thall with Aftonifhment behold theTrophies of fo compleat 


“ a Victory, infinitely furpaffing thofe famousPyramids erected of old by 
€ the Vanity of Mempbis, and which pafled for Wonders amongft the An« 
€ cients. From hence likewife, from the Putrefaction of thefe Rebels, 
< may be extracted Saltpeter, wherewith to make thunder-imitating 
¢ Gun-powder, the Stench of whofe Smoke fhall have the fame Effect 
< upon the Remains of that ungovernable Race, if ever they revive fuch 
< fatal Commotions, as the offenfive Effuvia of the burnt Body of one 
* Bug have upon its Survivors, which, according to Naturalifts, deftroy 


© or deprive them of their noxious Quglities ; like thefe therefore thall 


© chey all be deftroyed, or being difarmed of their inveterate Untra@table- 
* neds, be obliged to live peaceably under the Yoke of the Prince, whom 
¢ Heaven fhall fet over chem; or elfe taking a diftant Flight with {uch as 
‘ are Enemies to their Country’s Quiet, and dreading the Punifhments 
© they may juftly expect; lofe all Inclination, and never once entertain 
« the leaft Defire of returning home again. ° Thefe are the Vows, and 
this is the Prayer, which the Fidelity I bear to my Prince, and the 
Love I have for my Country, have dictated to. my Pen; and which J 


hope. the great Lord of Hots will bring to pafs, if he fees it will - 


contribute. to the Glory of his Holy Name. But I forget how infenfi- 
bly 1 ftray from my Subject; let us therefore refume it, and confider @ 
lice on the Methods of trying the Goodnefs of Selsstrous Earth. 

There are three ways of doing it, fram which you may determine 
with a good deal of Certainty, with regard to the Soil from whence 
you would exract Selfpeter; and which are the moft practifed by Per- 
fons concerned in dais fort of Work. 

The Firft as follows: Take a lide of the Earth, which you ima- 


gine to be produgtive of Saltpeter, and. put at upon your Tongue; if 


it 


Ot 
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it bites a lictle fharply, ic is a Sign your Labour will not be in vain; 
but if on the contrary it is flat and a little corrofive, I would not ad+ 
vife you to throw away your Time and Money about it. 

The Second, is by making an Hole in the Earth, and throwing into 
it a Piece of red-hot Iron; which done, you muft ftop the Hole clofe 
up, ‘till the Iron is cold; and if upon taking it out again you find any 
Spots or Marks about it of a Lemon or whitifh-yellow Colour, you 
need not doubt of the Goodnefs of it. 

; Thirdly, You may make the Experiment by throwing a little of the 
Earth upon burning Coals, which if it makes a noife or crackling and 
emits bright Sparkles, you may depend upon it, that it will anfwer 
your Purpofe. 7 

Having by one, or all thefe Tryals, been convinced of the Goodnefs 
of the Soil, whence you propofe to extract your Saltpeter, dig up what 
Quantity you want, and let it at once be carried to fome convenient 
Place. Then get a good ftore of Wood, fuch as Oak, Ath, Elm, Maple, 
or any other hard kind of Wood, which you muft burn, and preferve 
the Afhes. Then take two Parts of thefe Afhes, and three of Quick 
Lime, and incorporate them well together, and fet this Mixture afide 
for the Ufe I fhall hereafter mention. In the mean time get a large 
Tub or any wooden Veffel wide at top; and in the Bottom of it bore 
an Hole of an Inch or two Diameter ; let this Hole be covered with {mall 
Twigs wrought in fafhion of a little Hurdle, and then ftrew the Bot- 
tom of the Veffel all over with clean and whole Straw, not excepting 
the little Hole. This Veffel being prepared after this manner, place 
it fo that a {mall Veffel may ftand under it, to receive the Liquor which 
fhall run from the upper one. . Then begin with putting a Stratum or 
Layer of your Saltpetrous Earth in the Bottom of your Veffel, to the 
Height of a Palm, or the Thicknefs of 3 or 4 Inches, which before 
you do this, muft be dried a little in the Air: Then upon this Earth 
put a Layer of 3 or 4 Inches deep of your Compofition of wood Afhes 
and Quick Lime; and upon that, another Layer of your Earth, of the 
fame Thicknefs with the former, and upon that again another Layer 
of your Compofition ; and fo on alternately a Layer of Compofition up- 
on a Layer of Earth, and a Layer of. Earth upon a Layer of Compo- 
fition, Stratum fuper Stratum, till you are come within 3 or 4 Inches 
of. the Brim of your Veffel, which Space you muft leave for the Water 
which is to be poured upon it. This done, pour as much frefh Water 
upon it as you think needful; or to the Height of 3 or 4 Inches above 
your Ingredients ; which as it penetrates and paffes through the Mafs 
of the Matter, contained in the Veffel, will diftil Drop by Drop through 


‘the Hole. in the Bottom of it, into the Recipient that ftands under it, 


and you will have a Salzitrous Lixivium or Lye, in proportion to the 
Quantity of Water you fhall have poured upon your Ingredients: If 
| you 
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you think it too little, you muft repeat the Operation, fo that the Wa- 
ter pafling through them a fecond time, you may have the more of the 
Salnitrous Particles which the Water will bring away with it. 

This being done, pour out the Lye in your Recipient into fome Pot 
or Boiler of fufficient Capacity, and make it boil at firft over a flow Fire, 
and after that over a ftrong one till a third of it is evaporated or wafted ; 
then pour in again as much of the fame Lye as will fill up the Boiler, 
and let it evaporate as before, and fo continue to do till all your Lye 
has undergone this Ebullition. You muft take care to fcum the Lye 
whilft it is boiling with an Iron or Copper Scummer full of Holes, In 
fhort, the Lye being thus boiled, fcammed, and cleanfed from all its 
Filth, you may take it from off the Fire, and pour it into fome Wooden 
Veffel; then covering it up clofe, let it ftand till it is cold and, fettled, 
fo that all the grofs and earthy Particles in it may fubfide to the 
bottom. 

After this, take the Veffel, and, by Inclination, pour out the clear 
Liquor only into a Boiler, as you did before, taking great Care that 
none of the Sediment runs in with it; and put it again upon a hot Fire, 
and let it boil till ic is half evaporated, or till ic begins to thicken, or 
till putting fome Drops of it upon a Piece of rough Marble, or an Iron 
Plate, it is perceived to coagulate or chryftalize. 

Then taking it from the Fire, lec it cool a little, and pour it into 
Wooden Veffels that are broad and fhallow, to the height of 2 or 3 


Inches only, or thereabouts. After having covered thefe Coolers with . 


Canvas, or coarfe Cloth, let them be carried into fome fhady retired 
Place, where, after 3 or 4 Days, you will find the Sa/tpeter concreted in 
little Furrows, like Chryftal, fticking to the fides of the Veffels, or to 
little Sticks with the Bark ftript off of them, and indifferently put into 
the Coolers before the Liquor was poured into them. Then carefully 
collect all the Sa/tpeter, and put it into any Veffel which is proper to hold 
it and preferve itdry. Then boil the Lzx:vutum or Lye remaining in the 
Coolers over again, not forgetting to feparate from it the Sediment at 
bottom, which may be laid afide for another Ufe. 

If ic happens to boil over, throw into it a little of other Lye, made 
of three Parts of the Afhes before mentioned, and one of Quick Lime, 
in every 100 Ib Weight of which you muft diffolve 4 tb of Roach Allum ; 
and it will be neceffary that you fhould have this Lixivium ready by you. 
Thus by throwing a little of this into the Boiler from time to time, as 
often as the Liquor rifes, you will fee it immediately fall, and the com- 
mon Salt and Earthy Particles will precipitate to the Bottom. 

The Earth remaining in your Veffel after all the Lye has paft through 
it, muft be put into fome covered Place, where neither the Sun-beams, 
Rain, nor any kind of Water, can come near it, (though it is proper it 


fhould be frequented by Men or any Animals) where it may be {cattered . 


or {pred to the height of a Foot, Then over this may be laid the Dung 
Bb of 
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of any kind of Cattle to the height of 2, 3 or 4 Feet. Then take all 
the Filth, Scum and Sediment, which you thall have feparated from your 
Lye, during and after its Ebullition, together with what Liquor re- 
mains, after you have extracted what Sa/tpeter you can from it after re- 
peated Boilings ({eparating from it the Terreftrious Matter and the com- 
mon Sait, which fubfide, and which are good for nothing) and {car- 
ter or fprinkle them ovet your Dunghill, and every Day throw as much 
human Urine upon it as you can get; by doing which, your Soil will be 
as much impregnated with Saltpeter as it was at firft, if not more, and 
which you may eafily extract after che Method we have here given. 


CHAP. IIL. 
How to clarify or refme Salpeter, 


GINCE it is a received Opinion that Gun-powder ought to hold 

the firft Rank of all thofe Things that are ufed in Pyrotechnics, 
and inafmuch as its pewerful Force, and fupernatural Effects, cannot be 
attributed to any moving Caufe which is more active or {trong than it felf; 
and imagining that its chief Energy confifts in a Separation of all grofs 
and ftrange Matter from its purer Particles; I thought it not enough, 
barely to extract this Sa/t from a Saltpetrous Earth, but alfo to purge 
and cleanfe it twice or thrice, or oftner if need be, that you may have ic 
.in the higheft Degree of Perfection; and this you may do by two Me- 
thods. 

The Firft. Be there taken as much Sa/¢peter as fhall be thought fir, 
and put into a Boiler, then let there be as much frefh Water poured up- 
on it as may be fufficient to diffolve it; on which muft be poured a 
Quantity of that Lye, made by an Infufion of Afhes, Quick Lime, and 
Roach Allum, which we have already mentioned; let all this be boil- 
ed together till the Saltfeter is all diluted, and entirely reduced to 
a Scum or Froth. This done, let there be ready a Wooden Veffel, of 
fufficient Capacity, which muft be placed in fuch a manner, that ano- 
ther may be fet under it, the Bottom of the uppermoft being perforated 
as before, and which Bottom muft likewife be covered with fine, clean 
wafhed Sand, to the thicknefs of 3 or 4 Inches; over which fpread a 
Piece of coarfe Linnen Cloth. Then take the Liquor in the Boiler, and / 
pour it into the upper Veffel, which will diftill Drop by Drop into the 
Recipient beneath; and being thus ftrained through the Sand, covered 
with a coarfe Cloth, it will leave all its grofs and ufelefs Particles behind. 
Afterwards pouring it out of the Recipient into the Boiler, let it boil 
again, as before, till it is ready to coagulate; then put it into broad and 
fhallow Coolers, as we faid in the foregoing Chapter, and let it cool at 

| leifure 
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leifure in fome retired Place; and in two or three Days you will have 
your Saltpeter chryftalized much purer and finer than at firft. Ifyou 
would go on to refine it, repeat this Operation fome few times more, 
after the fame manner as we have proceeded in this firft Purgation. 

The other way of refining it is thus. Put your Saltpeter into a 
Boiler, made either of Copper, Iron, or glazed Earth; then fet it on a 
flow Fire, which muft be quickned by degrees till all the Sale is fufed or 
melted, and boils up in great Bubbles; then take a little common Sul- 
phur well pulverized, and throw ft upon the liquified Saltpeter, which 
will inftantly take fire, and confume all the oily and vifcous Humour, 
together with all the drofly Salt which had been impregnated with the 
Saltpeter before its Clarification: This you may repeat feveral times till 
all thofe foreign Particles are entirely confumed. In fhort, the Sa/t- 
peter being well liquified and cleanfed, you may pour it out upon po- 
lifhed Marble, or upon Plates of Copper, Iron, or glazed Earth, and 
it will be condenfed to almoft the Colour and Confiftence of white 
Marble, or of pure and perfect Alabatter. 


CHAP. Iv. _ 
How to reduce Saltpeter te a Flower. 


TH E Saltpeter having been refined; muft be put into a Boiler, 
over a {mall Furnace upon burning Coals; then inceflantly blow 
the Fire till ic arrives to that Degree of Heat, that all the Moifture of 
the Saltpeter is evaporated in Fumes, and that it has attained a perfect 
Whitenefs. Bug in drying it after this manner, you muft take Care to 
ftir it continually to the very bottom with an Iron or Wooden Spatula, 
left ic fhould return to its firft Form. This done, pour fine, clear, 

frefh Water upon it, till it is covered; and when it is diluted and has 
acquired the Confiftence of a denfe Liquid, keep inceffantly ftirring ic 


as quick and as faft as you can, till all the Moifture is evaporated ad fc- — 


citatem, and that it is all reduced to a very fine, white and dry Flower. 


| CG H A Pp e V. 
Zhe manner of preparmg Salepeter with the Flower of Wall. 


G ET together a Quantity of that fine Flower which is commonly 
~ found upon the Surface of old Walls, that are in damip and fubter- 
taneous Places: You may alfo get fome of thdt Salt; which frequently 
adheres to Lime, or the Ruins of old Buildings; which, Peter — 
I ays, 
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fays, he found to anfwer very well at Bruff(els in Brabant, in Book III. 
Chap. xxix. of his Artillery. You mutt firft make a Lye of Quick Lime 
and common Water, which muft be fined as ufual; then having put 
your Flower or Saltpeter ina Veffel, with an Hole in the bottom of it, 
and ordered it in the fame manner as we have directed in the fecond 
Chapter of this Book, throw your Lye upon it, and mix it well with 
a Stapula till the Saltpeter 1s all diluted; let this Liquor drop into the 
Recipient that ftands beneath, and being all drained off, pour it into a 
Boiler, and heat it by flow Degrees over a Fire; then make it boil till 
it-has acquired a fufficient Denfity, and that it will eafily coagulate; 
then go on with your Procefs in the fame manner I have dire¢ted 
above. 

There have been even filly Girls who have had fome Notion of this 
kind of Sa/f: AnInftance of which we have from Valerius, Lib. 1. Cap. i. 
where he {peaks of a Difciple of the Virgin Emilia, who paying her 
Adoration to the Goddefs Vefia, had put fome fhreds of fine Linnen up- 
on a Chafing-difh, which, though the Fire in it feemed to be quite ex- 
tinguifhed, broke out into pure and lively Flames. Now the Reafon he 
gives for it is this; (fays he) we mutt believe that this good Lady had 
put Scrapings of fome old Wall, (or Flower of Wall as we call it) into 
this Linnen, and laid ic upon warm Afhes, or elfe fprinkled them over 
with fome of it, which broke out into thofe Flames, and produced that 
Effet; which raifed the Wonder of thofe who knew not the Caufe 
of it. 

Furthermore, it fometimes happens that Fire takes hold of the Walls 
of certain Buildings with fuch Subtility, as to aftonifh one, as if it 
were a Prodigy. This Cardan, (Lib. X. of Varteties, Cap. xix.) attri- 
butes to the Salt, which ufually adheres to the Surface of Walls, and 


Ruins of old Buildings. . 


CHAP. VI. 


How to prepare Salprotic, or Pulvis Fulminans. 


"TAKE of Saltpeter, two or three times clarified or refined, a cer- 

tain Quantity of Pounds, to each Pound add of Sal Armontack % iy, 
and of Camphire3{s, and mix them all well together in fome Brafs Vefiel ; 
then pour upon them good Brandy, till they are covered with it to the 
height of 2 Inches. Boil them upon a quick Fire till all the Moifture is 
evaporated; then taking it from the Fire, put what remains into an un- 
glazed Earthen Pot; cover it, and hang it up, placing under it a glazed 


Earthen Plate or Difh, into which you muft carefully {crape a certain 


fine whitifh Subftance, very much like Flower of Wall, which will ap- 


pear 


a 
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pear upon the outward Surface of the Pot; you muft continue to gather 
this white frofty Subftance as faft as it penetrates through the Veffel that 
contains it. In fhort, having got together all of it that will perfpire 


through the Pores of the Pot, put it carefully up in fome dry Place till 


you want it. 


CHAP. VII. 
How to prove the Goodue/s of Saltpeter. 


put fome Saltpeter upon a Wooden Table, or forne fmooth Board, 
and fet fire to it with a Jive Coal, and obferve che Effects of it. 

If in burning it makes the fame Noife as common Salt does when it is 
thrown upon the Fire, it will be a Sign that ic is ftill impregnated with 
a good deal of common Salt. 

If it yields a greafy thick ne it is a Sign that it retains many vif- 
cous Particles. 

If after its Combuftion there remains. any Filth, or Drofs, upon the 
Board, it is a fure Token that it contains a great deal of Earthy Matter. 
In fhort, the more Dregs or Phlegm i is left after the Combuftion of the 
Saltpeter, fo much the more impure and grofs muft you judge it to be, 
and confequently the lefs active. 

But if, on the contrary, it breaks out into a long bright Pina divi- 
ded into feveral Rays, and the Surface of the Board is free from any 
Drofs; or if it be confumed to a pure Coal without any Scum; if it 
took fire without any great Noife, or violent Detonation; you may con- 
clude that the Sa/tpeter is well cléanfed and perfectly well prepared. 

Sofeph Furtenbach affures us, in his Aréillery, that it is an infallible 
Sign of the Excellence of Saltpeter, if after the fecond Clarification, 
(according to the Prefcription in the third Chapter of this Book, which 
is the ufual Way of doing it) it lofes 4 Ib in 100 Ib; and confe- 
quently after having been purified over again, according to the other 
Method laid down in the fame Chapter, you will find it diminifhed 4 1b 
of its Weight, as before. 


Ce CHAP. 
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CHAP. VUI. 


The true Method of purifying Saltpeter, and of Separating 


from it all noxious and fuperfiuous Matter; fuch as com- 
mon Salt, Vitriol, Allum, and all grofs and vifcous Hu- 
MouUrs. 


AKE 2-16 of Quick Lime, 2 tb of common Salt of Verdigreafe, 

1 lb of Roman Vitriol, 1 tb of Sal Armoniac. Pulverize them 

all together, then put them into fome fhallow Wooden Veflel, and pour 
upon them a good Quantity of Vinegar or Wine; or, for want of either 


of them, you may ufe clear frefh Water; and thus make a Lixivium or 


Lye, which you muft leave to fettle and fine of itfelf for three Days. 
Then put your Sa/tpeter into a Boiler, arid pour as much of this Lye 
amongtt it as will cover it; fet it upon a gentle Fire, and let it boil cill 
one half of all the Liquor is evaporated; then take it from the Fire, and 
pour what remains gently into another Veflel, and feparate from it all 
the Dregs and Filth which funk to the bottom of the Boiler. This 
done, let this Saltpetrous Liquor cool, and go on with your Procefs, 
according to the Rules we have prefcribed in the third Chapter of this 
Book. * 


CHAP. Is. 
How to purifie common Sulphar. 


| ye PERIENCE plainly evinces that not only Saltpeter is full of 
~ Earthy Matter; but that Su/pbur alfo is not free from a grofs, oily 
Humour, which Qualities are as noxious and prejudicial, as they are 


common to both the one and the other of them; therefore if you would _ 


have the pure Quinteffence of thefe Ingredients, you muft alfo purifie 
Sulphur, in order to exalt its Nature, and make it more fiery and 
aerial. In doing of which proceed as follows. Melt what Quantity you 
want of common Su/pbur in an Earthen or Copper Veflel, over a flow, 
clear Fire; and, with a Spoon, gently take off all the Scum and Drofs 
that {wims on its Surface; then take it off, and filtrate it through a fine 
Linnen Cloth into another Veffel, {queezing it out pretty lightly. Thus 


_ all the Dregs and Oil of the Su/phur will remain in the Cloth, and you 


will have your Su/phur pure and cleah after this Filtration. There are 
{ome 
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{ome who, after having fufed the Su/phur, and taken it from the Fire, 
thave added to it a certain Quantity of Quickfilver, and then ftirred them 
about as faft, and incorporated them together as well as poffible, which 
they have continued to do till cold, that they might be the more 
clofely and univerfally united; from whence we muft believe that the 
Defign of purifying it, is not only to render it more violent and active, 
but alfo that it may be the more volatile and fubtile. There are others 
who, when their Su/phur is melted, mix Glafs finely pulverized with 


ic, and pour Brandy upon it, together with fome Pieces of bruifed Al- 


jum, imagining That greatly contributes to the refining of Sulphur. 


You may know the Goodnefs of Su/phur by preffing it between two - 


Tron Plates; for if in running it appears yellow like Wax, and emits no 


f{uffocating Scent, and if what ftays behind is of a reddifh Colour, you. 


may conclude it to be natural and excellent. It is‘obferved, that Fire 
is fo fond of Sulphur, and that reciprocally, Sulphur takes fuch Pleafure 
in being devoured by that Element, that if any Bits of it happen to lye 
about any Wood, fo as they can feel the Heat of it, they feem to call it 
to them, and really attract it fometimes. ‘There is another kind of 
Sulphur which does not burn like the reft,and is not attended with any 
bad Smell, but being put upon the Fire melts juft like common Wax. This 
fort of it is found in great abundance in Jce-/and near Mount Hecla, 
and in Carniola; as Libavius relates in the firft Part of the Apocap. Hermet. 
Now this Sulphur is commonly red, as 1s alfo that which is found in the 


“Streights of Heildefherm, (as Agricola writes, Lab.1: de Eff. Terr. Cap. 


xxii. from the Teftimony of Fob. Fonfton, Adm. Nat. Claf: WV. Cap. xiii.) 
where it is likewife of feveral Colours, as pale, yellow, and green, and 
generally adheres to the Surface of Stones and Rocks, and may eafily 
be broken off and collected. ‘That which is perfectly yellow is the beft. 
We call that Sulphur vivum or Quick Sulphur, that has never been con- 
cerned with Fire; others call it Virgin Sulphur, becaufe the Women and 


Girls in Campania ufually make a kind of Paint of it to beautifie the Face. 


CHAP. X. 


How to reduce Saltpeter to an Oil. 


LE T there be put upon a Table, or Plank of Fir, that is well dried 

and planed, a certain Quantity of purified Saltpeter; then under 
the Plank or Table let there be fet a Brafs Bafon, and under that fome 
‘burning Coals; when the Fire melts the Sa/tpeter, you will fee a Sub- 
{tance perfectly like an Oi/ flow from it, which will penetrate through 
the Wood, and drop into the Bafon that is underneath. You may con- 
tinue this Operation till you have enough of this O7/, provided that from 


time to time you add frefh Supplies of Saltpeter. | 
ee I CHAP. 
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CHAP. XI. 
How t0 prepare Oil of Sulphur. 


i Reser sania Quantity of purified Sulphur, and melt it upon a 
gentle Fire, either in an Earthen or Copper Veffel. Then take of 


‘ old red Tiles that have been ufed in fome Building; but if you cannot 


get fuch, take new ones that are thoroughly burnt, and have never been 


- wet; break them into Pieces of the bignefs of a Bean, and throw them 


into the liquified Su/phur; mix them well together ull the Pieces of 
Tile have abforbed-or imbibed all that Liquid; then put chem into an 
Alembick, over a diftilling Furnace. ‘Thus you will have a Chymical 
Extraction of your Qz/, which will be excellent, very combuftible, and 


proper in the Compofition of artificial Fire-works. 


ANOTHER METHOD. 


Take a Matrafs (the Fig. of which you have N° 14.) and fill about 
a third or fourth Part of the Belly of it with Su/pbur finely. pulverized, 
pour into it Spirit of Turpentine, or Oil of Walnuts, or of Juniper, ull, 
what with the Sulphur and the Liquid you pour upon it, you have half 
filled the faid Matrafs; then fet ic upon hot Afhes, and let ic there con- 
tinue 8 or g Hours, and you will foon after fee that the Spirit of Tur- 
pentine will turn the Su/phur into a red O7/, which will be as fiery and 
combuttible as the former. 

There are thofe who ufe the following Ingredients in the Preparation 
of Oil of Sulphur to make it the more igneous (viz.) of Sulphur 1 Té. 
of Lime tb fs, of Sal Armoniac 3 11). 

Befides this, the Chymiffs have a way of preparing a certain O:! of 

Sulphur (which they call a Balfam) whofe Virtues are fo admirable, as 
to prevent Putrefa¢tion in any living or dead Body; and preferve them 
in fo perfect and found a State, that neither the pernicious Influences of 
the Heavenly Bodies, nor the Corruption caufed by the Elements, nor 
even that which might naturally proceed from the very Principles of 
them, can in any degree impair or alter the Symmetry of fuch dead Bo- 
dies as are embalmed with it, nor of thofe that have been anointed with 
it whilft living. ‘They prepare alfo a certain kind of Fire (as Trithemius 
tells us) with the Flower of Su/phur or Brimftone, of Borax, and Bran- 
dy, which will burn many Years without extinguifhing. There are 
others who have a way of preparing a Lamp filled with fome fuch Oil 
as this, which makes thofe it gives Light to appear without Heads. 


CHAP, 
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CHAP. XIL 


1 fs) | 


The Method of preparing a Mixture of Oil of Sulphur, with — 


Oil Saltpeter. 


fae 
"FAKE equal Parts of Sulphur and Saltpeter, and incorporate them | 


well together, then reduce them to a very fine Powder, and let 
them be fearced: Put this Powder into an Earthen Pot that has never 
been ufed, and pour as much White-wine Vinegar, or Brandy upon it, 
as will be fufficient to cover it. Then lute up your Bot fo clofely that 
no Air can poffibly enter in, and fet it in fome warm Place, where let it 
remain till the Vinegar is quite digefted. Then take what remains in 
the Pot, and extraé&t the Oi/ from it, with fuch Chymical Inftruments 
as are proper for the Operation. 


CHAP. XIII. 
How to prepare Charcoal or Small-Coal for the | Ufe of Gun- 
powder, and for other Ujes in Pyrotechnics. 


IX the Months of May, or ‘Fune, when all forts of Trees are eafily 


ftripp’d of their Bark, and more fappy than at any other time of the 
Year,. cut down a good Quantity of Filberd, Hazel, or Willow Wood, 
of two of three Feet long, and half an Inch thick; throw afide all their 
ufelefs Branches and hard Knots: then ftripping off the Bark, tye them up 
in little Bundles or Faggots, and dry them in an hot Oven: which done, 
put them all upright in fome even Place, and fet fire to them; and as 
{oon as you perceive they are thoroughly lighted and inflamed, cover 
them up quickly with wet Earth, which fhall have been moiftened for 
that purpofe, fo that the Fire may have no manner of communication 
with the outward Air. The Flame being thus ftifled, and totally fup- 
preffed, you will have your Coal pure, and entire without Afhes. In 
twenty four Hours you may take it up, and lay it afide to be ufed in 
fuch Compofitions as we fhall mention hereafter. If it happens that 
you cannot get a fufficient Quantity of Willow or Hazel to make your 
Coal with, you may make it of Lime-Tree Wood. | 

But if you fhould not want any great Quantity of Coal, you may take 
Twigs of the Wood I have been mentioning, or ‘funiper, and cutting 


them into little Splinters, and then drying them well; put them into 
an 
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_an Earthen Veffel well luted with Clay ; and encompaffing it all round, 
and covering it a-top with burning Coals, let it continue in that State 
for the {pace of an Hour, taking care all the time to keep the Fire in an 
uniform Degree of Heat. This done; let it cool at leifure, and take 
out your Coal, There are thofe who take Pieces of old Linnen well 


wafhed and dried, and then burn it after this manner. The Virtues and 


Properties of this are not to be defpifed by the Pyrotechnictan, 


CHAP. XIV. 
Hew to prepare Pulvis Pyrias, or Gun-powder. 


T HE Compofition and Preparation of Gun-powder is not only very 

~ well known to fuch as are profefled Pyrotechnicians, but likewife 
to many of thofe who never make ufe of it but for Mufquets, Piftols, 
and fuch light Fire-arms. Nay, what is very odd, the very Peafants in 
our Country have learned to make it with their own Hands, without 
the help of any artificial Engines, or Chymical pparatus. For (and 
I chink it will not be very-improper in this Place, to make the Digref- 
fion) I have feen many of the Inhabitants of Podolia and Ukrania, whom 
we now call Cojfacks, who make their own Powder, after a Method en~ 
tirely contrary to the Prattice of our Pyrotechnicians. For Example, 
they put certain Quantities of Saltpeter, Sulphur, and Charceaf into an 
Earthen Pot (the due Froportions of which they. have attained to by 
long Ufe) then pouring frefh Water upon them, they boil them over a 
flow Fire, for two or three Hours, till all the Water is totally evaporat- 
ed, and that their Compofition is become very thick; then taking it out 
of the Pot, they dry it in the Sun, or fome warm Place, in a thing like 
a Frying-pan. ‘They then pa(s it through a Hair-fearce, and make it 
into very {mall Grains. There are others of them that pound their 
Compofition, and incorporate it in an Earthen Porringer, or grind it 
upon fome fmooth polifhed Stone; then moiften it, and carn it, and 


bring it to fuch a degree of Perfection, chat it ferves them as well as if 


it had been prepared by the moft ingenious Artift in the World. 
It will therefore be to little purpofe to dwell upon this Article, or to 
give a detail of the Preparation of our Powder; fo I thall only prefenc 


‘you with forme excellent and approved ren for the making of 
three forts of Gunpowder. . 


Boo II. Of the Great Art of ARTILLERY; — 103 


Compofition for Compofition for | . Com ofition for 
Cannon-Powder. Mu /quet-Powder. Piftol-Powder. | 
I. | I. | I. 
Of Saltpeter - 100TbjOf Saltpeter + 10016.)Of Salpeter - 100 1B: 
Of Sulphur - - 2¢tbJOf Sulphur - - 181b.|Of Sulphur - - 12 tb. 
Of Charcoal - = 2¢ tb.JOf Charcoal - - 201b.j}Of Charcoal - = 15 Tb. 
—_ “2 2. 2. 
Of Saltpeter - 100 ltJOf Saltpeter = ioolt.|Of Saltpeter = 100th: 
Of Sulphur - - 20tbjOf Sulphur = - 15 1bJOf Sulphur - - 10 Tf, 
Of Charcoal - - 24.1b.\Of Charcoal + - 181tJOf Charcoal - - 8 Ib. 


As you pound or grind your Mixture of Cannon or Mufquet Powder, 
you may fprinkle it gently with frefh Water only, or Vinegar, Urine, of | 
Brandy. But if you would have your Piftol Powder ftronger than otdi- 
Mary, you muft now and then fprinkle your Compofition whilft it is in 
the Mortar with the following Liquor; or with Water of Orange, Citron 
or Lemon Peel, diftilled with an Alembic or any other Chymical Organ, 
and let it all be well pounded or ground for the {pace of 24 Hours; then 
corn it very finely. a on : 

Now this Liquor is made of 20 Meafures of Brandy, 12 Meafurtes of 
Effence or Spirit of White-wine Vinegar, 4 Meafuree of Spirit of Ni- 
tre, 2 Meafures of common Water. of Sal Armoniac, one Meafure of 
Camphire diffolved in Brandy, or pulverized with Sulphur, of in‘ thort 
reduced to an Oil, with Oil of fweet Almonds. | : 

In the fecond Part of our Artillery I thall give you the Figure of th 
Hiand-Mill which is ufed in makirig Gun-powder, together with a great 
many other Machines and Engines, which are ufually referved in Arfe- 
nals and Magazines of Artillery. — | | 

Ic is a ftrange and moft aftonifhing Property: of Gun-powder, that it 
fhould have 2 more violent Effe&t when corned, than when in a fine 
Flower or Meal; the Reafon of which I thall leave to the Difcuffion of 
thofe, who make it their particular Bufinefs to infinuate themfelves into 
the wonderful Secrets of Nature. I content myfelf with having been 
taughe by long Practice; that if in any Gun the Powder be ramnied 
down too hard, fo that the Corns of it lofe their Figure, or are in the 
leaft pulverized, it will by that means be divefted of much of its Force, 
and will not drive out the Bullet, with that Violence it would have been 
capable of, if ic had been gently pufhed down to the Bottom of the 
Piece 5 and we have fometimes obferved, that its Power has been fo far 
diminifhed by this means, that ic has hardly been able to overcome the 
Refiftance of the Bullet, and diflodge it from the Piece. The fame 
thing happens if Powder is wet, which being thereby deprived of its 
Expulfive Force, burns lazily and without Effe€t; fo that if any Piece be 
charged: with it, and you fet fire to it, st will be fo far from being able 

to 
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to drive out the Ball that ic will all burn out at the Touch-hole. How 
it comes to pafs that Gun-powder, by being bruifed, and reduced to a foft 
Flower or Meal, lofes thus its Virtue and Activity; muft be owing to the 
Rays of Fire, which though it be the moft fubtile and active of all Ele- 
ments, yet is not fufficiently fine to penetrate and enkindle at once a hard 
compacted Body at the very Moment it {eizes upon it. This Affertion 
needs no Proof to confirm it ;_for Experience fhews us, with regard to 
Metals, that the more folid and hard they are, the lefs eafily are they 
acted upon by Fire; on the contrary, fuch as are more porous, and loofe- 
ly compacted, are quickly heated; which is to be attributed to the Large- 
nefs of their Pores, which readily admit the Fire. This may be applied 
to Gun-powder ; for when it is rammed and compelled into a folid Bo- 
dy, the Fire not meeting with Interftices proper for its immediate Con- 
veyance through the whole Mafs, it is obliged to confume it by degrees, 
as long as any of it remains, except it be fuffocated. Something of this 
kind may be faid of Powder that is {cattered. about, and is not gathered 
together before it is fired; but nevertlielefs with this difference, That in 
this Cafe the effential Strength of the Gun-powder, or rather the Fire in 
it, is not any way diminifhed, but its Action is ineffectual becaufe of the 
Diftance of its Parts; it aéts in this Cafe by a Succeffion of {mall Acti- 
on, which might have been confiderable if collected together into one 
A&. Thofe who are but little verfed in Pyrotechnics, may have expe- 
rienced the Truth of what I have here faid. The Reafon I have gi- 
ven why Powder wheri it is corned is more active and powerful than 
when pulverized, may ferve in fome meafure to clear up that Difficulty ; 
add to which, the Virtue of the Sa/tpeter feems to be much more united 
with the Su/pbur and the Charcoal when in a clofe Corn, than when 
meal'd or pulverized. ‘To this let us add, that if you take a very long 
Piece of Cannon, and fill it up to the Muzzle with well-corned Pow- 
der, and fet fire to it at che Muzzle, and not at the Touch-hole as ufual ; 
neither the Fire nor the Powder in this Cafe will do the leat Damage to 
the Piece, inafmuch, as the Fire aéts upon the Powder by Progreffion 
and not Inftantaneoufly ; befides the Fire will move downwards, which 
is the reverfe of its natural Property of acting upwards; or to {peak 
more properly, it not being clofely confined, and meeting with nothing ~ 
to obftruct its perfect Liberty, ic burns out at the Muzzle of the Piece. 

I thall filently pafs over the Opinion of fome who are not very know- 
ing ‘as to this matter, and who imagine the larger any Gun-powder is 
corned, the more lively it will be: Which at firft does not appear un- 
likely, and feems to agree with what I have been faying above : But on 
the other fide,- the Confequence of it is wrong; becaufe large Grains 
are not fo readily accended, or inflamed, as {mall ones; and Experience 
in Fireworks teaches:us, That that Powder which is in the leaft Corns, 
is more vigorous than that whofe Grains are the largeft; and the Rea- 
fon is, becaufe the {mall ones conceive the Fire more readily : Add to 

4 this 
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this, that they are more impregnated with Saltpeter (the very Life of it 
all) than the others ; and hence it is that they corn it {mall for the Muf- 


quet and Piftol, &c. and on the contrary take lefs trouble with ir, — 


when defigned for the Ufe of Cannon ; for as all gréat Pieces of Ordi- 
nance naturally require a much greater Quantity of Powder than the 
{mall portable Fire-arms, it is but reafonable that the Powder prepared 
for the former, fhould be coarfer than that defigned for the latter ; and 
indeed it is not only reafonable but neceffary likewife, to the end that 
its Interftices being the larger, the Fire may have the better Conveni2 
ence of penetrating through ‘the whole Mafs of it, and of accending it at 
once. Now Nicolas Tartaglia in his Book III. Queft. 10. gives this Rea- 
fon why Mufquet and Piftol Powder ought to be corned: It is (fays he) 
to the end, That that Quantity of Powder, which if the exact Charge of 
fuch Arms, may be more. conveniently. poured out of the Bandeliers 
(which are little wooden Meafures to hold juft 4 Load) and. that it. may 
run the more freely down the Barrel of the Piece ; (although the Bante- 
lier is exactly of the fame Calibre as the Piece,). which could not eafily 
be done. if the Powder was ina Flower or pulverized, becaufe the {mall 
Particles of it cohering together, it would all rumble down at once into 
the Barrel, and meet with fome Difficulty in its Defcent, particularly if 
the Priming-pan | was fhut clofe ; for in that Cafe it would happen that 
the Air in the Bottom or lower part of the Barrel having no Opportuni- 
ty of efcaping out at the Touch-hole, and the Denfity of the defcend- 
ing Flower not admitting of its Excurfion upwards, it would in the end 
be fo violently comprefled as to repel the Powder or Flower by its Ela- 
ftic Force, fo that it would be impoffible.to load {uch Arms with it, 
with any manner of Expedition: But this Accident never happens with 
regard to grained Powder, inafmuch as the Air in the Barrel is at per- 
fect Liberty, by having the Power of efcaping through its Interftices : 
However, great Pieces of Artillery are::by no means liable to this 
Inconvenience ; becaufe the Powder is always conveyéd into them. by 
a Ladle. Here is a way of Reafoning that has fome fhew of Truth on 
its fide; though it is far from Aaccouriting fufficiently for the Neceffity 
of corning Gun-powdér ; but he is moft ftrangely out of the way, when 
he fays, that Cannon Powder need not be corned at all; which I abfo- 
lutely deny, and cannot.but chink, from his: wretchéd. manriet of arguing, 
that He (Tartaglia) was fo far from having ever heard or, feen the won 
derful Effects of Cannon Powder upon fuch perilous Occafions, as the 
‘Wars in his time abounded with, that: ade never had fo much asa —_— 
of any of the Powder icfelf. co : a id 
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CHAP. XV. 
How to make Gun-powder of feveral Colours. . 


TT? E Blacknefs of Gun-powder is entirely owing to the Charcoal ;. but 

that Tindture is no neceflary Adjuné& to its Nature, nor does it fo 
far contribute to the ftrengthening of it, but that you may make it of 
feveral Colours-with equal Succefs. For Example ; if inftead of Char- 
coal you take rotten Wood, or white Paper that has been firft moiftened, 
then put into an hot Oven, and after that pulverized, or any thing elfe 
that is of a very combuftible Nature, and very fufceptible of Fire (fuch 
as Tam going to {peak of ) you will have a Powder to the full as effective 


_as the Black Sort. I fhall then in this Chapter prefent you with fome 


Coimpofitions, to guide you in making Powder of feveral Colours. 


Zo make White Powder. 


| I. . 
Take of Saltpeter 6 tb, of Sulphur 1 tb, of the Pith of Elder well 
dried oné Tb. | | 
3 oe . 3 / - abe | ; 
.. Take of Saltpeter.10 1b, of Sulphur one 16, of the Rind or Bark of 


Hemp, after the Hemp is taken out, one ib, 


‘Take of Salepeter 6 1b, of Sulphur one 16, of Tartar calcined till it is 
White, then mixed wich common Water, and put into an unglazed Pot 
in which it muft be boiled till all the Water is evaporated, 3 j. 


Red Powder. © 


nn ae a : , 3 
_ Take of Saltpeter 6 if, of Sulphur one tb, of Amber fb {S, and of red 
Sanders one Ib._ , WG | 7 : 


a = 7 2. “= 
Take of Salepetet 8 Ib, of Sulphur one tf, of Paper dried and pulve- 


tized, then boiled in Water of Cinnabar, or Brafil Wood, and ther 
dried, one fb. 


Yellow Powder. 


‘Take of Saltpeter 8 tb, of Sulphur one ib, of wild or baftard Saffron, 
firft boiled in Brandy, thes dryed and pulverized, one th, 
2 Greer 
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Green Powder. 


Take of Saltpeter 10 Ib, of Sulphur one I, of rotten Wood boiied 
with Verdigreafe and Brandy, and thea well dried and pulverized, 2 Ib. 


| Blue Powder. 
Take of Salepeter 8 if, of Sulphur one I6, of the Saw-dutt of Linden 


or Lime Tree Wood boiled with Indigo and Brandy, then drigd and pul- 


verized, one Ib. 


CHAP. XVL 
| Of Silent Powder. 


S° ME People have taken it into their Heads to relaté a great many 

wonderful things of this Ss/ent Powder, (which is by fome very im- 
‘properly called Deaf Powder) and have treated of it in a very prolix 
Manner: To avoid which, and to prevent my being tirefome- to the 
Reader, I hall here only jnfert fome Compofitions, | which I have found 
to be the mott excellent and beft rr of: ; 


— "Take of common Gun-powder 2 t, of Vi onétian Borax one th; thefe 


Ingredients being well ee and incorporated. together, lee them 
be afterwards corned. 


: , i 


‘Take of commen Gun-piwder 2 th, of Venetian Borax ¢ one 15, “i La- 


pis Calaminaris Ib fs, of Sal Armoniac tb fs; pulverize and incofporat¢ 
them well together, and corn them as before. | 


4, 5 tae 8 | 
Take of common Gun-powder 6 Tb, Powder of live Moles caleined in 
a glazed earthen Pot fb fs; of ore Borax tb fs-- ---- 


Take of Saltpeter 6 Ip, of Sulphur g tb and 4, : Powder of the inhef 
Rind or Bark of Elder tb {, of common Salt burnt 2 tb. Corn all this 
after the ufual Method. 

I thall to this add another thing which you may ils the Experi- 
ment of; for my.part I never did, though it is taken gut of the Natural 
Magic of the Sjeur de fa Porte, who fays, that if you add burnt Paper 
to the Compofirion of Gun-powder, ar the double of. common Hay Seed, 
well beaten, it will weaken it very much,. and prevent it from cafting 
pur fo much Flame, or making fo much Noife. People of Senfe, and 

fuch 
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fuch as are the moft deeply verfed in this Art, attribute the Noife or ra- 

ther the frightful Clamour of Gun-powder, to the violent Concuffion 

of the Air, which is impatient of being fo furioufly difturbed, by fuch 

a ftranige and extraordinary Agitation: But of this we fhall fpeak more 
fully in another Place. However in favour of Silent Powder, I muft 
here quote the Opinion of Scaliger, taken from Lib. XV. in his Exer. Ex- 
oter. contr. Card. de Subtil. Exer. KXV. You are much more out of the 
way to attribute the Noife beard upon the Difcharge of Warhke Machines 
to Salpeter; for being reduced to a fine Meal it lofes all its little Caverns 
or Pores. (You muft here remember what was faid above of the Defo- 
nation of Saltpeter.) Thunder is caufed by the Complofion of the Air, as 
well with refpect to its Clap as its Sound ; which fometimes provokes Mirth; 

fometimes excites Laughter, and obliges us to fhut our Noftrils together. 
Except you would perfuade us that there 1s Saltpeter above us: But truly 
there is none in the Clouds. The Powder which jou mention to have been 
invented at Ferrara, made no Noife ; becaufe st impelled without Vio- 
lence. 

From hence it is eafy to conceive what may be the Caufe of the Noife 
which Gun-powder feems to make. For there is nothing further extraor- 
dinary in the Compofition of Silent Powder, than that certain Ingredients, 
a great part of which I have mentioned in this Chapter, have an occult _ 
Antipathy to Saltpeter, and weaken the common Powder when mixed 
with. it. Farthermore, there are fome Perfons who affirm, that if y you be- 
fmear your Hands with the Gall of a Pike, and immediately handle and 
mix Gun-powder about with them, it will have that weakening Effect upon 
it. ButI hall leave this,to thofe who have Faith enough to rely upon the 


_Authors who have made the Experiment. Thus we find by the above 


Paffage from Scaliger upon this Subject 5 That Gun-powder does not 


.make that fhocking Detonation, which is heard when any of thofe War- 


like Machines are difcharged : But that it is owing to the violent Com- 
plofion of the Air, - which is difperfed by the firing of the Piece. We 
cannot give you a more familiar Inftance of the Truth of this, than the 
Wind-Guns whee are ainsi with ‘nothing but Air, © 


CHAP. XVIL 
_ Hew to prove the Goodue/s of Gan-powder. | 


THERE are three different ways of proving Gun-powder, (viz ) by 
the Sight, the Touch, and by Fire. As to the firft; when you 
perceive your Powder more black than ufual, it is'a certain Sign that it 
is.too moift; and if you put it upon fome white Paper, and find that it 
2 blackens 
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blackens it, you may affure yourfelf that there is too much Charcoal a- 
m ongft it; but if ic be of a deep Ath Colour, inclining a little to the 
Red, it is a fure Token that your Powder is good. 

We try Gun-powder by the Touch after this manner. . Bruife fome 
Grains or Corns of it with the end of your Finger, and if it readily dif 
perfes and yields eafily to the Preflure of your Finger, you. may con- 
clude that there is too much Charcoal in it. If upon {queezing, or pref- 
fing ita little ftrongly, upon a marble or f{mooth wooden Table, you feel 
Particles that are harder than the reft, which prick you a little, and that 
cannot be crufhed without fome difficulty, you may infer that the Su/- 


phur is not well incorporated with the Salfpeter, and that confequently 


the Powder is not duly prepared. 

In fhort, you may determine with the utmoft Certainty concerning the 
Goodnefs or Badnefs of your Gun-powder by means of Fire, as follows : 
Lay little Parcels or Heaps of Gun-powder upon a clean fmooth Table, 
at the diftance of about 2 or 3 Inches from one another, and fet fire to 
one of them; which if it blows up at once, without catching hold of 
any other Parcels, and makes a little fort of an acute Noife, or produces 
a white, clear Smoke, rifing with a very fudden Velocity, and appear- 
ing in the Air like a little Circle or Diadem of Smoke; you may _— 
upon its being perfectly well prepared. 

If after the Powder is enkindled there remain any black Spots upon 
the Table, it will be a Sign that there is a great deal of Charcoal in it 
which has not been ‘ftifficiently burnt; if the Board is as it were greafy, 
you may be affured that the Sulphur and Saltpeter have not been fuffi- 
ciently purified, or purged of that noxious and vifcous Humour; which 
is natural to both the orie and the other of them. If you find any {mall 
Particles which are white, or inclining to Lemon-Colour, it will be a 
Mark that your Saltpeter is not well clarified, and confequently that it 
ftill retains earthy Particles, or common Salt; and moreover, that the 
Sulphur is not pounded or ground fine enough, nor fufficiencly incorpo- 
tated with the two other Ingredients of the Compofition. 

I fhall not here {peak of feveral kinds of Inftruments, which Pyrotech- 
nictans commonly make ufe of to prove the Strength and Virtue of their 
Gun-powder : Having often heard that equal Quantities of one and the 
fame fort of Powder, have blown up that which covered them, to feve- 
ral, and different degrees of height. You may, if you pleafe, fee the 

Figures of fome of them in Furtenbach, and others. 
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CHAP. XVIII. 


How to fortifie weakened Powder, and to reftore that which 
is damaged to sts firft Vigour. . 
W* call that, damaged, decayed, or weakened Powder, which is 
much degenerated from its firft Vigour, and the Strength it was 
indued with at its firft Preparation. We can attribute its Decay or Im- 
becility to no other Caufe, than to the Weakening, or Diminution of the 
natural Virtue of the Salpeter, or elfe to its actual Separation from the 
Sulpbur and Charcoal. And this may be owing to two feveral Accidents, 
(viz.) to its being either fuperannuated or too old, or to its being too 
moift. I fay fuperannuated ; becaufe the Salspeter is greatly affected by 
the Decay of the Charcoal, which is naturally fubje&t to Corruption after 
acertain term of Years. Then as to Moifture, it isa means of making 
the beft part of the Saltpeter feparate itfelf from the Sulphur and Char- 
coal; becaufe as Sa/tpeter is generated from a Water, or from a certain 
Saline Humour, (just as all other Salts are refpectively produced from 
theirs) it diffolves, and returns to its firft Form, whenever it is any way af- 
fected by Humidity: And thus withdrawing itfelf from the two other 
Ingredients which adhered to it, it either exhales, or finks down to the 
bottom of the Veffel in which it is kept (if it be made of Clay, hard 
Stone or Earth) where being fubfided it remains; and therefore in this | 
Cafe the Powder towards the Bottom is heavier than that towards the 
Top. But if it be kept in Casks, Barrels, or any thing made of Wood, 
it per{pires through the Pores of that light, or rare Subftance, and re- 
affumes its original Nature; and confequently leaves the reft of the 
Compofition the lighter by its own Weight, which before conftituted 
the greateft part of the Weight of the whole. But in this Cafe, neither 
the Sulphur nor Charcoal will be diminifhed in Weight ; becaufe it is 
aot in their Nature to be diffolved by any Moifture: on the contrary, 
Charcaaf attracts and imbibes it greedily, and thereby becomes the hea- 
vier. Now if you would reftore Powder that begins to decay, or rein- 
ftate that which is perfectly {poiled, in its firft Vigour, you may do ir af- 
ter three ways: and Firft, Make a Lye with 2 Meafures of Brandy, one 
Meafure of purified Saltpeter, one Meafure of good White-wine Vine- 
gar, $a Meafure of Salprotic, ; a Meafure of Oil of Sulphur, and 4 a 
Meafure of Camphire diffolved in Brandy ; this Lixivium being {trained 
through a coarfe ftrong Searce, fprinkle or moiften your damaged 
Powder frequently with it, and dry it in the Sun in wooden Veffels, then 
Carry it into fome warm dry place where no Damp can come at it. 
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The Second Method of recovering decayed Gunpowder is thi. Firtt, 
fee how much your damaged Powder has loft of its Weight, and upon 
finding the Difference between its Weight now, and when firft made, 
fupply the Differenee with an equal Quantity of fine purified Sa/tpeter; 
as for Example; let the Weight marked upon the Cask be 1000 If, 
and if upon weighing it-now, you find that it is but 920; the Diffe- 
rence between the firft and fecond Weight will be 80; therefore you 
muft add 80 tb of Saltpeter to the vitiated Powder; then put it all in 
little Heaps, and pound it, or grind it well after the ufual manner, and 
corn it-a¢ before. 

In fhort, the Third Method of reftoring weakened Gan-powder is as 
follows, and is the fimpleft of them all, and the moft frequently 
pradifed by Pyretechmsciaxs and Powder-Makers. Pour out upon coarfe 
Clothe, or well-jointed Planks, equal Proportions af damaged Powder, 
and fuch as has been newly made, and mix them briskly together with 
your Hands, or Wooden Shovels; then. dry it ajl in the Sun, and put- 
ting it up again in your Barrels, keep it in fome convenient Place till it 
is wanted, a a re: | : 


CHAP. XIX. . 

Of Brildings and Magazines for the preferving of Gun- 
powder, together with feveral Obfervations on the flowing, 
end keeping st fecure from Fire, Mosflure, &c. to the end 
shat it may remain entire, and in the full Poffeffion of its 
Sir ft Vigour. | , a : 


FTER a ftri& Examination of the Warlike Machines of the 
Ancients, we muft allow that they fall fhore of our 4rtillery, which 

has been in ufe for thefe laft Ages: Our Gun-powder is now the very 
Nerves and Life of War; and is the moft powerful Means that has 
ever yet been invented, of procuring an happy Iffue to the Military En- 
terprizes of Princes, and to decide the Difputes of the moft Mighty 
Monarchs of the Farth. But you will fay, that our Machines are ufe- 
lefs inactive Bodies, -if you deprive them of Gun-powder, or if you 
fupply them with fuch as may be ill-prepared; or damaged: There- 
fore it is of the higheft Importance, that we be careful in che Prepa- 
ration and Confervation of it; and fo to order Matters, that fuch a coftly. 
Thing may not fail of performing the Service and Execution you ex- 
pected from it. I have fpoken fufficiently of the Preparation of it in 
the xivth Chap. of this Book; bur I do not think of clofing it till I 
have faid fomething farther upon that Article. ‘In the mean time let 
us confider of a proper Situation for our Repofitortes or Magazines for 
-: keeping 
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keeping Gun-powder, together with the proper Form and Conftruétion 
of fuch Buildings, that they maybe exempt from thofe Accidents which © 
may have the moft dangerous Effects upon them. . | 

You muft, in the ff Place, pitch upon a Spot of Ground, which is fi 
from any Marth or Swamp; which is not in a narrow clofe Valley, nor 
in the Neighbourhood of any Spring or Pond; but let it be upon a mo- 
derate Height, in an open Country difincumbered with Woods, and 
very dry. | 

Secondly, let it be as far as poffible from any other Buzldings; becaufe 
of feveral Inconveniencies that may arife from their Proximity ; again, 
let it be in an unfrequented Place, at a good diftance from any Roads 
or publick Paths, where People commonly refort. _ 

Thirdly, \et it be well covered and defended from any Danger of the 
Enemy’s Cannon; which may be eafily provided againft, by building 
your Magazines in that Quarter of the Town, which thall be judged the 
moft difficult of Accefs, :and the leaft fubject to the Attacks and Storms 
of the Befiegers, As for Example, in any Place that is encompafied 
with a Morafs, or Lake, or a wide rapid River, or in fhort by the Sea 
itfelf. In the other Quarter of the Town which is the moft defencelefs, | 
and confequently the moft if danger of the Enemy’s Attacks, you 
fhould build very high Houfes and Edifices, whether Publick or Private, 
in order to cover your Magazines from the Befieger’s Batteries, and 
keep them out of their Sight. For this Reafon your Magazines fhould 
be but one or two Stories of a moderate Height, and covered with a 
low Roof. oa. | 
Inthe FourthPlace, let them be in the middle of your Curtains, and not 
in the Baftions, or near Bulwarks;. that you may avoid the danger of 
Mines, Galleries, and fecret Saps of the Enemy; or in fhort at the 
greateft diftance from the Ramparts of the Town, that you may be fo 
-much the fafer. 

In the Fifth Place, thefe Busidings thall be clofed up with ftrong, thick 
Vaulting within, very firmly cemented, left during the Siege any 
Bombs or Shells, &c. falling upon them, fhould force a Way through, 
and be attended with pernicious Confequences to your Powder. The 
Roof muft not be covered with Laths, Slate, or Tiling of any fort, but 
with Sheet-Lead, or (what is much better) with fubftantial Plates of 
Copper. Again, I would have the Outfide of the Roof be of a Sphe- 
rical Form, that you need not be obliged to have any Carpenter’s Work 
init; fuch as Beams, Timbers, Planking ; but that the Tiles, or what- 
ever elfe covers it, may be fixed upon a ftrong Wall, fecurely cemented 
on all Sides with good Mortar. 

Sixthly, a Square Building will be the moft convenient of any Form 
or Figure whatfoever; though I do by no means difapprove of fuch as 
are built Round, or in Form of a Dome, as being the moft capacious of 
all, and over which the ftrongeft Vaults may be built, becaufe of the 

: Rotun- 
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Rotundity of their Conftruction. But if you would build a {quare one, 
take care to erect the four Fronts of it, facing the four Quarters of the 
World. | ; 3 

 Seventhly, let the Door be always on the North-Side. 

Eighthly, \et the Apertures or Windows be as {mall as poffible, very 
narrow, and fecured with {trong Copper or Brafs Bars, fubftantial Shut- 
ters, and ftrong Grates of the fame Metal. 

Ninthly, \et the Bricks you intend to build your Powder! Magazines 
with, be two Years old before you ufe them, and take great care that 
they be not haftily dried in the Sun. We are of Opinion, that Bricks 
which have been burned once, then moiftened, and burnt over again, are 
by much the beft of any, though they are not naturally fo tenacious 
of the Mortar; for it has been obferved, that if they are plaiftered ei- 
ther withinfide or without, the Lime or Plaifter does not ftick upon 
them long. | : | 

Tenthly, and laftly; Your Magazine being built, erected, and co- 
vered, or roofed, as it ought to be, you fhall let it ftand and dry for the 
{pace of two or three Years, before you put any Powder into it; and 
take care not to build it in Winter-time. . 

You will fee the Ichnography and Orthographic Plan of this fort of 
—Busldings in Fig. 15 and 16. In the Ichnographic Figure, the Letter A 
fhows the Room or Apartment, whete the Powder ought to be kepts 
B, where the*Saltpeter and Sulpbur ought to be referved. And C, where 
the Charcoal, and other Materials and Neceffaries ‘may be laid up; fuch 
as Searces or Sieves of fevetal forts; forne for fifting,.’and others for 
graining the Powder, old Pieces of Linnen, Canvafs; Boards, or Floor- 
ing to dry ic upon: And as the Rooms will be fufficiently extenfive and 
large, you may in the fame Place ftow away empty Casks, or Barrel- 
Staves, Heading, Hoops, and fuch like -Requifites. .D, is‘ the Wind- 
ing Stair-cafe, which the Italians call the Lumaca, by which you go 
up into the fecond Story. E, is the Entrance or Portico. F, the Store- 
keeper’s Lodge, or Houfe, who ought to bea Cooper by Trade.’ G, the 
Steps. H, the Court, or Yard, which goes round the -Magazine. 1,4 
little Wall fix or eight Foot high, that-enclofes the Yard-and the Maga- 
zine. K, the empty Spaces, Paflages, or Alleys, between the Powder 
Barrels, and L the Spaces where the Powder mutt be ftowed. ‘The other 
Diftances may be meafured with a Pair. of Compaffes, as well upon the 
Ichnograpbic as the Orthographic Plan. :I fhall only add, that the 
Match may be conveniently preferved upon the Floor of the fecond 
Story. ; 6.24", ~~" 
In Fig. 17. you have the Ichnography of a Powder Magazine, after 
the Defign of Eugenius Gentillinus an Italian, who has very curioufly 
reprefented one of this Nature in Chap. xliv. of his.Artillery; and is 
very conveniently contrived againft all Accidents by Fire. Let us a 
~ little explain the Plan which we have here offered. A, isthe — 
) G ¢g Oo 
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‘of the Building, with its Apertures and Lights. B, is the Outward 
Wall, with Apertures correfponding with the Firft. C, is the Space 
between the two Walls. D, E, is the outward Breadth of the Aperture 


- of the Exterior Wall of three Feet. F,G, is the Breadth of it inwards 


of 14 Foot. I will now direct you how to make the Apertures in the 
Inner Wall of this Bus/ding. Let there be drawn from H, to [and K, 
two Lines each equal to D E, or three Feet: Now if between the Points 
E I, and DK, you produce the Right Lines EI and DK, they will 
interfect the Inner-Face of the Interior Wall in the Points L and M; 
then let there be drawn two Lines equal to FG, or 1 $ Foot, from 
the Points L and M, to the Points N and O; then having drawn two 
Right Lines from H to L and M; if you raife a Perpendicular upon 
N, and.another upon O, they will interfect the Lines L, H, and H, M, 
in the Points P and Q. Thus having drawn DF, EG, IL, OP, PH, 
HQ, QN, and MK;; you will have the Inward and Outward Breadths 
of the Lights marked out. I muft own that this kind of Edifice will 
be a little dark, on account of the double Wall, and becaufe the Inner 
Lights L, O, and NM, are exactly covered by the Angles I and K, and 
confequently cannot let in much of the Day; befides that the Angles 
P and Q, intercept half of the Light which would otherwife come to 
L O, and NM;; but on the other hand we muft confider, that thefe 
Buildings ftand in no need of a great deal of Light, like fuch as are de- 
figned for Dwellings; for if there is but juft fufficient of it, to direct 
thofe who go in and out about che neceflary Bufinefs of the Place, it is 
enough, Again, the Wind coming in at DE, ftriking againft the An- 
gle H, and being broken and divided towards the Angles I and K, will 
ruth briskly in through the Apertures, and refrefh the Air which was in 
before, and at the fame time drive away and dry up all chat noxious 
Moifture to which fuch clofe Places are cammonly fubje@. As for the 
neceflary Precautions of fecuring your Magazine from Accidents by 
Fire, you will eafily defend it from that deftructive Element, if you 
nicely obferve what we have already laid down, in the Conftrudtion of 
your Vaults and Roof; for as to the Apertures or Windows, they are fo 
well contrived again{t any danger of that kind, that it is impoffible for 
any Fire to infinuate itfelf through them by any Artifice whatfoever. 

- You may order the Door of your Magazine after thismanner. The 
Outward Breadth TU, in the Exterior Wall, and the Inward Breadth 
RS in the fame, fhall be each three Feet. Then from the Angle W, 
having produced Right Limes to the Points X and Z, and from T and U, 
to A and Y, you will have the Outward and Inward Breadth of the 
double Entrance through the Inner Wall. The reft will be better ap- 
prehended from the Fig. itfelf, if you attentively confider it. I shall 
only add, that Bb, denote the Spaces where the Powder gught to be 
lodged, and Cc the Paflages between. As to the Orthography of 
this Edifice, and all the Proportions of its Parts, they may be invented 
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at Pleafure: Neverthelefs I would have every body to follow the In- 
ftruction and Method of this Author, whofe Name I have already men- 
tioned. This is what I had to fay of the Conftruction of Magazines, 
and proper Edifices for the lodging and preferving of Gun-powder : Let 
us now proceed to order what ought to be obferved, as well in the Pre- 
paration, as the Confervation of it after it is made. 

Know then Firft, that if you would have your Gun-powder retain its 
full Vigour, even though you fhould lodge it in fome damp Place, there 
£0 remain for fome time; you need only have Saltpeter well pulverized 
and purified feveral times, according to the Method we have prefcribed 
jn the [IJd Chapter of this Book. 

2. Let each Ingredient have its own Searce for its particular Ufe. 

3. Your Ingredients fhall not be mixed till they have been firft well 
dried, ground, and fearced feperately; which done, they thall be well 

ground, incorporated, and fearced all together over. again. 

4. In pounding, or grinding them, they fhall be moiftened a little 
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with one of the Liquors I have already mentigned, and fhall be often — 


and carefully fhaked, or ftirred, that they may incorporate the better — 


together. 

5. Your Powder being well and duly prepared, fhall be put into glazed 
Farthen Jars, capable of containing each 100 ib, or thereabeuts, with 
Covers of the fame, well luted on the Outfide with Glutinous, Bitumi- 
nous, or any Tenacious Matter, to prevent the Air, or any outward Ac- 
cident from doing it hurt. I approve very well of Casks or Bares 
made of Fir or weli-dried Oaé. 

6. Your Veffels of Powder thall be placed upon Blocks, or Logs of 
Wood, of the thicknefs of one or two Feet. 

7, Every Year during the hotteft Months, fuch as ‘Sune, ‘uly, and 
Auguff, you fhall fpread your Powder upon Canvafs, or a Floor of 
Planks made for that purpofe, and let ic dry well in the Sun and Wind, 
then fift 1 through fine covered Hair Sieves or Searces, and collect the 
fine Flower or Meal that comes through; but chat which remains in 
Corns fhall be put up again and covered as before, and carried back again 
into the Magazine. 

8. The Cavities and ‘Windows mut be opened to the Northerly and 


Eafterly Winds, that they rufhing in briskly may purifie the Air confined . 


within. On the contrary, they fhall:be kept clofe againft Southerly and 
Wefterly Winds, as being commonly pernicious to dry Things. For 
Experience, that Miftrefs of Knowledge, teaches us, that the Winds 
blowing from thofe Quarters being naturally hot and moift, they gene- 
rally beget Taint and Putrefaction in Flower. And farthermore, you 
muft guard againft all Winds blowing from the Eaft towards the South, 
and from the South towards the Weft; becaufe all ‘Winds iffuing from 
any Point of that Semi-circle, fill the Air with unwholefome moift Va- 
pours, which are of hurtful Efficacy to the Human Bady; and we may 


reafon- 
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teafonably infer, that as Saltpeter is extreamly fubject to Diffolution up- 
on the accefs of any Humidity to it, thofe Winds muft have per- 
nicious Effects upon Gun-powder. 
To conclude; I dare venture to affirm that if the Rules I have now 
prefcribed for the Preparation and Confervation of Gun-powder are 
ftrictly obferved, you may keep it many Years in full Poffeffion of its firft 
Vigour, without fuffering the leaft Diminution of its Strength. And I 
flatly deny the Truth of that vulgar Notion, which teaches that Powder 
cannot be kept in Perfection above 2 or 3 Years. There are thofe who 
fay that if you put a little Camphire in each of your Veffels of Powder, 
it contributes greatly to its Prefervation. This is not unlikely, fince 
the odoriferous Smell and extream Drynefs of Camphire ftrongly repell 
all Putrefaction and Corruption which is generated by damp Vapours. It 
has been frequently obferved, that Compofitions have been taken out of 
Grenado’s and Shells of long ftanding, which:have been in perfect good | 
State, and {melt much.of Camphire. From: whence we may conclude, | 
that a Mixture of Camphire with Gun-powdér ‘contributes pretty much | 
to its Prefervation. But I fhall {peak more largely of this in another 


Place. ‘ 
: | 


CHAP. XxX. 


of the Properties wad particular Ofices of each Ingredient 
concerned in the sai 6 a tion and Preparation of Gun- 


power. 


E muft not think that Gun-pewder was cafually, or accidentally 

difcovered; but on the contrary, that: it was invented and per- 
fected, by found fpeculative Reafonings, drawn from the Principles of 
Natural Philofopby ; inafmuch as no Man to this Day could ever yet 
(though many have endeavoured at it) contrive an Affemblage of three 
fuch Ingredients as thefe, which being united and incorporated together, 
would naturally produce fo vigorous, fo frightful, and fo fudden a Fire, 
and at the fame time fo inextinguifhable, and univerfally abforbanc of 
their own Subftance. Now as it is no Novelty in our Age, for Men 
to add to, and enlarge upon preceding Inventions, and fince (as the 
Metapbhyficians have it). all Things that have a Beginning pafs from Im- 
perfection to Perfection ; I beg leave to make fome Obfervations upon 
Gua-powder (the Inventor of it having left nothing in writing behind 
him concerning it) which though they are indeed fpeculative, are never- 
thelefs grounded upon Experience of the Nature, Effects, and particu- 
lar Properties of all the Ingredients which enter into the Compofition of 
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it, as well when feparated from one another, as when united into one 


Body. For I cannot but think that a few Words upon this Subjed, 
will be fo far ufeful, -if well digefted, as to prevent the frequent Errors 


committed in Pyrotechuics; a Corre€tion of which is not only very dan- 


gerous, but likewife very expenfive. | 

You muft know then, Firff, chat ic is not without Reafon, that Gun- 
powder is compofed of thefe three Ingredients, namely, Saltpeter, Sul- 
phur, and Charcoal; but tothe End that one of them might remedy and 
fupply the Defects of another, or of the other two. This may eafily 
be comprehended by the Nature and Effe@ts of Su/pbur, which is of it- 
felf the very Quinteffence of Fire, or rather a pure Flame, and is there- 
fore more proper to accend the Saltpeter than any other Fire whatfo- 
ever: But as Saltpeter being once inflamed by it, is inftantly rarified in- 
to a Flatulent or Windy Expanjfion, it would by ite Violence infallibly 
extinguifh the Flame which had been conceived by the Sulphur, and 
deprive itfelf of chat Heat-which the Sulphur would have communicat- 
ed to it: And therefore if a’ Compofition was made of Saltpeter and 
Sulpbur only; well pulverized and incorporated together, it would in- 
deed motft readily conceive the Fire, ‘and break out. into a Flame, but it 
would inftantly go out again, for the Reafon above given: That is, the 
Fire would not be fufficiently lafting to confume the whole of it, but 
would only deftroy a-Part, without’ affecting the reft. Upon this Ac- 
count it was thought proper, that Charcoal well bura'd, dried, and pul- 
verized, fhould be added to them in a certain Proportion, as an excellent 
Thing to fupply this Defeé&t ; for Charcoal is very fufceptible of Fire, 
and is inftantly confumed with a Flamelefs Heat; whence it happens 
that the more it is agitated by Wind or Air, the fiercer it burns till it is 
entirely reduced to Afhes. From the feveral Properties of thefe Ingre- 
dients we may eafily perceive, that any Body compounded of them, as 
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Gun-powder is, muft not only be very fufceptive, bur alfo retentive of . 


Fire, even to the Combuttion of its very laft Atom ; for the Sulphur im- 
mediately catches Fire whenever applied to it, and inftantly accends the 
Saltpeter, and fets Fire to the Charcoal, which (as I have already faid) 
burns without any Flame, and glows with the greater Rage, the more 
it is agitated by the Wind or Air: ‘The Confequence of which is, that 
the Sulphur being unable to withftand Fire, but on the contrary being 
inftantly inflamed by it, the intenfe Heat of the Charcoal prevents the 
Flame of the Su/pbur from being extinguifhed by the windy Expanfior 
of the Saftpeter; therefore: it continually keeps up the Flame of the 
Sulphur, and the'Flame of the Su/pbur inceffantly aéting upon the Sa/#- 
peter, they muft, when they are all three duly incorporated together, 
produce fuch a Fire as is not to be extinguifhed, till the whole Sub- 
{tance of them is confumed by it, and to all Appearance annihilated. 


Great Care, however, is to be taken, that neither of the three be affett- | 


ed by any improper Accident, fuch as Moifture, or a difproportionace 
H h Quantity 
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Quantity of its Matter. Now from what we have been faying,: we may 


conclude that the true Office and principal Bufinefs of Sulphur, as it is. 


an Ingredient in Gun-powder, is firft to conceive the Fire, and then com- 
municate it to the two others. That the Bufinefs of Charcoal is to re- 
tain the Fire when once introduced, by preferving the Flame of the Su/- 


pbur, and preventing it from being deftroyed by the Flatulent Expanfi- 


on of the Saltpeter. And in short, that it is the great Bufinefs of Saltpe- 
ter to produce a moft violent and refiftlefs Expanfion, and in this con- 
fifts all the moving, expulfive, and active Force of Gun-powder ; confe- 
quently Saltpeter is the principal Caufe of the terrible Effects of it, and 
it muft now plainly appear that the other two Ingredients are only 
joined with it, to put it in Action. Asa Proof of this; if any one was 
to make a Powder of Sulpbur and Charcoal only, and was to charge any 
large Piece of Cannon with it ; it would be found to be fo far from be- 
ing able to drive out a Bullet, that it would not even diflodge a Straw : 


And the Reafon of ‘this Imbecility is felf-evident, from what we have, 


already faid, having demonftrated that the expulfive Quality of Gun- 


powder is entirely owing to the Expanfion of the Saltpeter. Upon the 
whole, it would be a much eafier matter to contrive a Powder without 
: Sulphur or Charcoal, than without Sal/tpeter: Or it would be lefs difficult 


to find two Things, ‘the one to perform the Office of Su/phur, and the 
other to act in the fame manner as Charcoal, than to meet with any Sub- 
{tance which wauld have fuch a — Effect. and fuch occult Quali- 
ties as es - : | | , 


CHAP. XXI. 


Of hones Fulminans or Saffron of Gold----- taken from the 
Royal Chymiftry of Ofvaldus Crollius. — 


MAK E: tb of common Aqua-fortis, di iffolve i: init an Ounce of Sal Ar- 
_moniac, or as much as a little beat can diffolve of it; thus you will 
have your Aqua Regis prepared, 1n which you may diffolue as much Gold as 
you pleafe. Pour off this Solution into another Glafs, and drop into 1t Drop 
by Drop only (becaufe of the great Danger and Nosfe of tts Effervefcence) 


Of the beft Ort of Tartar per Deliquium, or for want of that take Salt of 
Tartar diffolved in common Water, (for you muft have a good quantity of 


this Oil of Tartar ready) upon which the Gold will precipitate to the bot- 
tom of the Glafs: And as foon as you fhall perceive that all the Calx of the 
diffolved Gold is fettled in the bottom of the Glafs, (which you will eafily 
know by the Colour of the Aqua Regis, which ought to be white; for tf 1t ts 
yellow, it will be a Sign that the Gold is nut quite precipitated s therefore 
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in fuch a Cafe you muft drop a little more. of the Oil of Tartar into it ;, and 
be thou wife at my Expence :) I fay; when all the Gold ts fallen, you fhall a 
few Hours afterwards pour off the Liquor that ts upon it, in fome warm 
place, and having foftened the Calx three or four times with warm Water, 
let it be gradually dried, by a flow Frre in Balneo Marie; or to do it with 
the more fafety put st into a Glafs Bajfon, and let it dry of itlelf without 
coming near the Fire, then gather it up with a wooden Spatula, (for you 
muft avoid ufing any thing made of Iron,) and put it up in an earthen Pot 
againft you want it. Obferve here, that it 1s very dangerous to dry it af= 
ter any other Method than what I have bere prefcribed ; for it is very apt to 
take Fire upon the leaft occafion, and breaks out into a kind of purple Smoke, 
and a frightful Noife not unltke that of Gun-powder, and is fo univerfally 
abforbed by the Flame that there 1s not the leaft Atom of it left after its 
Combuftton: And what 1s very extraordinary ; if you mix a little well pul- 
verized Sulphur with it, and burn it in a Crucible, you will have a kind 
of Calx very fubtile, and of a brown Colour, which ts entirely divefted of this 
Fulminating Quality. But that which ts the moft wonderful of all is, that 
a Scruple of this Volatile Gold, 1s incomparably ftronger, and atts with in- 
Jinitely more Violence than half a Pound of Gun-powder. If but a Grain 
or two of it be put upon the point of a Knife, and heated by the Flame of a 
Candle, it makes as much Noife as a: Mufquet, but it is a Note which af- 
faults the Ear with fo much Violence, that the extreme Acutenefs of it deaf- 
ens thofe who are pretty near to it. The greateft difference that we find be~ 
tween this Powder and Gun-powder 25, that the Effects of the one are dia~ 


metrically oppofite to the. Operations of the other ; inafmuch as this Thunder- 
irag Powder atts by Defcent, on the contrary the other by Afcent ; for if 


(for Example) you put jome Scruples: of tt upon an Iron Plate of moderate 
thicknefs, and fet fire to it, st will enfalibly pierce downwards through and 
through the Plate; and we may believe that the Sal Armoniac #s the Caufe 
of this odd Effec?. For juft as Saltpeter and Sulphur are violent Enemies 
to one another, as may be obferved in the accending of Gun-powder, /o ts 
it with the Sal Armoniac and Oil of Tartar, whofe. Qualtties are entirely 
incompatible with each :other ; therefore when the Sal Armoniac comes to 
be incorporated with the Oil of Tartar, they by the Conte? of their Antipa- 
thetical Quahties, force the Gold down to the bottom, which bad before been 
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diffolued in the Aqua Regis : And thus the Oil of Tartar precipitates the . 


perfectly pure Spirit of Nitre, which in this Confict unites stfelf with the 
Solar Sulphur sts Advenrfary ; and becaufe this Sulphur of the Sun ts infi- 
nitely more refined, pure, and combuftible than the common Sort, tt produ- 
ces an Effect proportionate to its fupertor Virtue; and this pure Nitre and 
Sulphur of the Sun aff upon each other juft as the common Sulphur and 
Saltpeter do. It is of this that Quercetanus and Sennertus /peak in @ cer- 
tain paffage, (according to Joh. Jonftonus Adm. Nat. Claf IV. Cap. xxvi.) 
when they fay, that the Effects produced by the Spirit of Nitre and Solar 
_— proceed from the Contrartety and extreme Antipathy ~~ 

bem 


ae _| 


120 © Of the Great Art of AxritiEry. Book II. 


them. For as the Oil or Salt of Tartar zs poured into the Solution of the 
Gold, the Salt of Tartar unites and incorporates with the common Salt, ox 
the Allum, and the Sal Armoniac, which confequently forces the Gold down-. 
wards; and if by chance any of thefe Salts remain with the Gold, it muft 
be well wafbed with bot Water. Thus nothing remains with the Gold but 
the Spirit of Nitre which is entirely incorporated with it; fo that when it 
comes to be heated, 1t adberes immedtately to the Sulphur of the Gold, pow- 
erfully oppofes it, and rallying all its Force, 1s lighted and goes off with a 


frightful Clap. | 


CHAP. XXII 
Of the Preparation of Flowers of Benjamin. 


Lone a certain quantity of Benjamin, and put it into a Glafs Alem- 

‘bic or fubliming Pot, covered with a Blind Head: At the fame 
time you muft have a fhallow earthen Veffel with a wide Mouth, which 
you muft fet upon a Tripod, or to be the fafer upon a little diftilling Fur. 
nace; you fhall put your Alembic or Subliming Pot into this, and en- 
compafs it well with Afhes, or elfe with well-wafhed Sand, to the 
height of the Matter contained in your Subliming Veffel. Then lighe 
a gentle Fire under the Earthen Pot, for fear your Alembic fhould 
be too fuddenly heated, the confequence of which would be, that the 
Flowers you extra&t would be of a Lemon-colour or yellowifh Caft, in« 
ftead of being (as they ought to be) as white as Snow. As foon as you 
perceive the Benjamin to emit any Fume, continue your Fire in the fame 
degree of Heat far a Quarter of art. Hour; and as foon as you fee thar | 
the Flowers are fublimed to the inner. Surface of the Head, :take it off 
quickly, and put another cold one on in its place, and let that which 
you took off cool at leifure upon a Sheet of white Paper; then with a 
Feather gently fcrape off the fine Flowers which you will fee fticking ta 
the Head, and gather them carefully together. Thus you may do with 
the fecond and third Head, and fo on with feveral others till the Benja- 
wiz will fublime na longer. | - 


Another Method to she fame Purpofe. 


Put a certain quantity of Beajamen into a glazed earthen Por, and fet 
it upon hot Afhes, and as foon as you fee the Benjamin begin to fume, 
cover your Pot with a great Paper Head in form of a Cone, (as the Chy- 
mifts have it, a Cornet) which thall be a very little wider than the Ori- 
fice of the Pot: Let it ftay on for about a Quarter of an Hour. Then 
take. ic off, and {crape the Flowers fram it; taking care to put on ano- 

I , : | ther 
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ther frefh Head immediately, which fhall remain on as long as the firft, 
then taking it off, do as before, ftill continuing to put on one Head 
after another as long as the Benjamin will fublime or exalt. 


C H A P.- XXIII. 
How to prepare Camphire. 


TA KE of Gum of Juniper (which is fometimes called Sandarac, 
white Varnifh, or Maftich) very finely pulverized 2 Ib, and as 
much White-wine Vinegar as will be fufficient to cover the Gum in 
a Phial : Bury it deep in Horfe-dung for the fpace of 20 Days, then take 
it up and put it in another Glafs Veffel with a wide Mouth, and expofe 
it to the Sun for the {pace of a whole Month. Thus you will have your 
Campbire concreted in the Form and near Refemblance of a Cruft of 
Bread. We have already hinted at the natural Properties of Camphire, 
but neverthelefs as we make great ufe of it in our Compofitions, I fhall 
here treat of the Nature of it at large from the Teftimony of good Au- 
thors. Firft, Scaliger Exercit. CIV. 1. fpeaks of it thus. Sed ad rem 
arboris, lachryma eft Capura, ne bitumen credas, ficuti fuccinum bitumen 
credidifti, &c. You muft not imagine Camphire to be a Bitumen as you did 
with regard to Amber, but a Gum and the Diftillation of a Tree, which 
falling, is tranfported by the Tides and Currents of the Sea to Shores where 
st 1s buried in the Sand, in which Situation it is found all along the Coaft 
from Memel to Gedan. This will not appear firange to fuch as have been 
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in thofe Parts, or that have ever feen the Weft-fide of Holland, where — 


great Heaps of Sand are accumulated by the Sea. Camphire, therefore,. 
can be no farther deemed a Foffl than as it is dug up from the Sand, ‘Thofe 
are firangely out of the way, who conclude it to be a Bitumen from the 
wretched Argument of its Combuftible Nature; for we fee the fame Pro-. 
perty in Rofin, Oil and Frankincenfe, and fuch like Things. Again, he 
fays a little farther, Camphoram vero cum fapientum maxima pars, fri-. 
gidiffimam ftatuat, Avenrors in quinto aliam agnofcit, &c.’ The Engh/b 
of which is: That the greateft part of the Learned have always taken 
Camphire #o be cold in the very utmoft Degree: But Averroés fpeaks of a 
Sort which was only cold in the fifth Degree. For (fays be) the Indian Cam- 
phire, which in Arabick is called Coforalgent, beats and dries in the fecond 
Degree; therefore there muft have been different kinds of it, or elfe the 
Book muft be erroneous, or the Opinion miftaken. At length it. was que- 
tioned whether it was cold, which the Innovators denied. For truly it is 
very Combuftible, will even burn in Water, and 1s very Odoriferous : But 
this laft Property is derived from its fubtile Particles, by the power of 
which alfo it burns. It contains as much Water as ts neceffary for it to 
preferve its Frigidsty under that Form: but it burns becaufe of its Orlt- 

Ii neff. 
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nefi. Suré Folly is either the Mother or Daughter of Ignorance; for who 
would afirm that Things which aré by Nature the bottef, are alfo the moft 
Sufceptible of Fire, fince Fire has not always the moft powerful Effet upon 
ats Likene/s; (I mean its Ltkenefs with regard to Heat) but on the con- 
trary upon fuch Subftances, the porous Contexture of whofe Parts the moft 
readily permit it to infinuate itfelf. I find in thé Commentaries of the 
Indian Obfervables, that the Tree is of the largeft fort, fpreading its 
Branches, and creating a Shade a great way round it. The Wood of tt 
is very light and porous, and the + Aboali add, that it is white. The 
Goodnefs of Camphire depends upon the manner of its Extraction from the 
Matrix, or Place where st 1s formed, that is, whether it be gathered before 
st 1s expelled by Nature, or afterwards; for fome of tt is taken out of 
Veins, where it is generated like a Cruft ; fometimes it burfis the Rind or. 
Bark and forces a Paffage out, where st 13 concreted, and looks at firft like 
Rofin, and is afterwards blanchéd by the Sun, or by Art. This fort is 
better than the firff; but that is beft of all, which ts whitened by the Sun:. 
It alfo may be done with Fire; which Operation was frft performed in 
Imitation of Nature, by Riach: a King of that Place; from whence tt has 
the Name of Riachina. That which is gradually diftilled, is by much the 
pureft and beft, and is the moft pellucid: but that which remains snclofed in 
the Subfiance of the Tree, is more grofs, and of a dark Colour, Thcre are 
Befides thefe, two forts of a bafer kind. The one rough, coarfe, and gummy s 
the other of a deep dusky Colour. It 1s to be adulterated or counterfetted, 
with Suet, Maftich and Brandy. But, fays he, You may thus difcover the 
Fraud; put fome of it into the Heart of a Loaf, and fet the Loaf tn an 
bet Oven; if it liqutfies, it will be good, and of the right forts but sf st 
Gries up, you may take it for granted, that it is fpurious and adulterated: 
They fay the right fort eafily evaporates. When you have that which is 
goed, you may keep it in Marble Boxes, with Linfeed, Flea-wort Seed, or 
Millet Seed amongft st. Jonftonus Admir. Nat. Claf. iv. Cap. ue, Scri- 
bunt Mauri Camphoram lachrymam effe arboris, &c. Tbe Moore wrste, 
that Camphire ts the Tear of a Tree, whofe Branches fpread abroad to 
that degree, as to be able to foelter an hundred Men under its Shade. 
They add, that the Woed of it is white and foft, and that it contains the 
Camphire 12 2 ight fpongey Pith, But this is uncertain; it is more proe 
babte that st.15 got from 2 kind of Bitumen after this manner. Toe Indiart 
Bitumen, which /prings forth of the nataral Camphire being put over @ 
Fere in fome covered Veffel, the finer Particles of it are fablimed by the 
Violence of the Heat, and adbere like fine whitifo Flowers to the Cover of 
the Veffel ; and which being colletted give it that Form in which we fee tt, 
There are Merchants who affirm, that the natural fort is to be fold in India 
Lt 8s fo very fond of Fire, that baving once conceived it, it burns as long 
as any of its Subfance remains, It emits a bright, odoriferous Flame, 


whith being carried ap and fufpended in the Air, it infenfibly vanifbes, 


witch 1s owing to the Sebtility of its Parts, 
. e | To 
¥ A People of India fo called, but according to Pliny, Abali, 
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To this I fhalt add, chat it will be very easy to pubverize Cempbine 
for the Ufe of Artifistal Fireworks, ef it be ground and pounded gensly 
with Saipbur in 2 Mortar. The Or] of Carmpbire, which, anfwers: the 
fame Ead, ic made by adding a liede Os] of Sweet Almonds, amd prind- 
ing them togeeher in. 2 brafs Mortar, with a Peftie of tho fame Metal, 
till alt of ie be turned into an Ox/ of a greenifh Colour. Or if your 
Camphire be good, and pure, you may ftep ic clofe up in a Glafs Phial, 
and put it into an hot Oven, where let it remain till you judge kt to bo 
thoroughly difolved : Your Canpirre will then yield you a fine, clear 
Ok which _ burn with admirable Sprighciinef. 


CHAP. XXIV. 


Of Water of Sal Armoniac. 


TA KE of Sal Armoniac 3 iij, of Saltpeter 33, pulverize them very 
fine, and mix them well together; chen put them into an Alem- 
bic, and after having poured fome of the beft and ftrongeft Vinegar 


you can get, upon them, diftil chem over a flow Fira 


CHAP. XXV. 


Of @ certain Archcial Water, which burns spon she Poles of 
the Hand without doing any Hurt. : 


T AKE of the Oil of Naphta or Petrol, and Turpeatins, of Opick 

Lime, Mutten Suet, and Hog's-Lard, an equal Quantity of each, then 
beat them together till they are well incorporated ; which done, difti? 
them over hot Afhes or burning —, 


CHAP. XXVI. 


How te prepare the commen Sort of Match, 


LF! there be firft twifted fome Rope, of half an Inch Diameter, 

made of the fecond Combings of Flax or Hemp, free from any of 
the Stalks) Then take of Afhes of Oak, Afb, Elm, or Maple, three 
Parts, of Quick Lime one Part, and make a Lye of it as ufual; to 
this you fhall add one Part of Saltpeter ; and of the Juice of Horfe 
: : or 
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or Ox-Dung well filtrated, and gently expreffed through a Woollen 
Cloth, or Sieve, 2 Parts. Thefe Ingredients being well incorporated, fhall 
be poured upon the Rope in a Brafs Cauldron, well fixed upon a Fur- 
nace; the Fire fhall be at firft lighted under it by flow Degrees, till it 
is arrived to the higheft Pitch. Thus it muft boil continually for the 
Space of two or three Days, being conftantly fed with frefh Supplies 
of your Lye as faft as it is wanted, left.either your Match or Cauldron 
fhould burn. In fhort, your Match having undergone this Ebullition, 
you fhall take it out of the Liquor, and wring it well, continually wip- 
ing off the Liquid which fqueezes out of it with a Linnen Rag ; and then 
hang it upon long Poles to dry in the Sun; after which it may be laid 
up in fome convenient Place till wanted. 


CHAP. XXVIL 


How to prepare Match or Fire-Ro pe, which will nesther [moke 
nor yield any ungrateful Scent. 


AKE certain Meafures of fine Red or Carbuncular Sand, well wathed 
and dried, a Layer of which you muft put into an unglazed Earthen 
Pot, and upon that, a Layer of common-Match;-which you mutt coil 
in a Spiral Line, in fuch a manner, that there be the Diftance of half 
an Inch between each Revolution .of it. Over this Stratum of Rope, 
put another deep one of Sand, and upon that another Stratum of Match 
or Rope as before, and fo on alternately Layer upon Layer; till you have: 
filled the Pot, which muft be covered with a Lid of the fame, and well 
luted with Clay, that no Air may have Accefs to it. The whole being 
thus ordered, you fhall encompafs it with lighted Codls, in’ which‘ 
Pofture it muft remain for fome time: You fhall then fet it to cool, and 
being quite cold, take out the Sand and Match, You may alfo proceed. 
in this manner in the Preparation. of common Sponges, except that 
they muft be firft cut into fmall longith Pieces. If you take lighted 
Pieces of the above-mentioned Match, and bury them in the Ashes of 
SFuniper Wood, they will burn fome time without any ill Smell, and 
the outward Air will not confume them {0 faft as it does common Match; 
therefore you may hide it where you will, without —— it will be 
difcovered either by its Smoke or Smell... 


CHAP. 
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| CHAP. XXVIII. 
The Manner of preparing Pyrotechnic Sponges. 


AKE of the greateft and oldeft Mujfbrooms, or Toad-ftools, that 

grow at the Roots of 4/2, Oak, Fir, Birch, and other forts 
of Trees; ftring them, and hang them up in a Chimney, where being 
macerated, take them and cut them in Pieces, and beat them vehe- 
mently for fome time with a Wooden Mallet. This done; boil them 
over a flow Fire in a ftrong Lye, with a good Quantity of Saltpeter 
in it, till all che Moifture is evaporated. Then put them upon {mooth 
Boards, and fet them to dry in an Oven of moderate Heat, after 
which you muft beat them with a Wooden Mallet as before, till they 
are perfectly fupple and foft. Thus prepared you fhall keep them in a 
proper Place till wanted. © | 


~ 


CHAP. XXIX. — 
How to prepare feveral forts. of Quick Match for Artificial 


. Fireworks, .:— 


yo fhall make Match of the Tow of Flax, Hemp, ot Cotton, of 

. two or three Strands, but moderately twifted, and put them in a 
new glazed Earthen Pot. Pour upon them of good White-wine Vine- 
gar 4 Parts, of Urine 2 Parts, of Brandy x Part, of purified Saltpeter 
1 Part, and of pulverized or meal’d Gun-powder 1 Part. Boil all thefe 
Ingredients together over a quick Fire, till all the Moifture is evaporated, 
Then ftrow Flower or Meal of the beft Gun-powder you have upon a 
{mooth large Plank, and rowl your Match in it; after which let it dry 
in the Sun or the Shade, no matter which. . That which is prepared af- 
ter this manner confumes very faft; but if you would have it to burn 
flower, you may make your Lye or Liquor weaker than we have above 
| prefcribed; and therefore you may boil it in Vinegar and Saltpeter only, — 
then powder it over with Flower or Meal of Gun-powder, and let it dry 
as we faid before. - 

There is another kind of Pyrotechnic Quick Match, which is not twifted — 
at all, but is only boiled juft as it is, in the above-mention’d Compofition, 
or elfe fteeped in good Brandy for fome Hours, and then powdered over 
with Flower or Meal of Gun-powder as before, and dried. There are thofe 
: , Kk: , who 
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who add a little Gum Arabick or Tragacant to the Brandy, particularly 
when they would have it ftick fait to any thing. 

Francis Sfoachim Prechtel, in the fecond Part of his Pyrotechnics 
Chap. IT. gives an Account of a kind of Qysck Match which is very flow. 
in taking Fire, and in burning. He thus orders the Preparation of it. 
Take of Mafich 2 Parts, of Colophonta or Fine Regn 1 Part, of Wax 
1 Part, of Saltpeter 2 Parts, of Charcoal 4 Part. Burn them to thar 
degree, that they may be eafily pulverized, and grind each of them {e- 
parately into a very fine Meal or Flower. ‘Then mixing them well to- 
gether, fufe or diffolye them upon the Fire. This done, take your 
Match made either of Flax or Hemp, of a pretty tolerable thicknefs, 
and dip it into this Compofition, and repeat your dipping till ic has ac- 
quired the Size of an ordinary Candle. ‘When you would uf any of 
this, light ic thoroughly ar firft, then blow out the Flame, that there 
may remajn nothing but the burning Coal. 


CHAP. XXX. 


How to prepare Lutum Sapientiz or Lute. 


AKE what Quantity of Loam you want, and dry it, beat it, and 
+ $fearce it welJ, and with jt mix fome Shreds of Raw Silk, or the 
Sheerings of Woollen-Cloth: Upon thefe you muff put either Horfe or 
Afs-Dung, or Fileings of Iron; knead chem well together with a fuffi- 
cient Quantity of Whites of Eggs; and with this Pafe or Lute you 
fhall ftop up the Glafs or Earthen Veffels you intend to put upon the 
Fire. You myf ule it whilft ic is freth and moift; for after it is dry ic 
will be of no Ufe ta you,. | 
Or elfe take of White Chalk or Plafter 4 Parts, of common Athes }, 
of Harfe or Afs-Dung dried 1 Part, together with a little of the File 
ings of Iron, and Shreds of Raw Silk. Beat them firft with a Stick, 
then with « Shovel, or Wooden Pounder; After which, being well 
kneaded, they thal! he put upan fome firm Plank, or fixed Stone, and 
beaten over again, till they are fufficiently mixed and incorporated. 


CHAP, 
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CHAP. XXXL 


| Some Excellent and Approved Medicines and Antidotes a- 
gainft Burns by Gun-powder, =" Hot Iron, Melted 
‘Lead, &r. 


From my own Experience. 


I. 

B OIL fome frefh Hog’s-iard or Fat in common Water, over a gen- 

tle Fire, and then expofe it to the Air for 3 or 4 Nights. Put it 
afterwards into an Earthen Pot, and melt it over a flow Fire, and 
ftrain ic through a fine Linnen Cloth, over cold Water; then wath ic 
in clear Water till it is perfectly white, and put it into a Gally-Pot againtft 
you want it. This is for anointing the Part that is burnt as foon as 
poffible. The Effect of it is cau and admirable. 


Take of Plantain Water, and oi of Italian Nuts, a quantum fu ificit 
of each. 


Take of Water of Mallows, of Role, of Allum Plume, a quantum 
fufictt, and mix thor weil — with the White of an Egg. 


Make a Lixivium or Lye of pure © Quick Lime and common Water; 
and add to ita Jirclé-6f the Oil: of Hempfeed, Olives and Linfeed, toge- 
ther with (ome Whites of Eggs; mix them well together, and anoint the 
Part which is burac with this Compofition. All thefe Ointments cure 
Burns without Pain, or leaving any Scar behind; as I my felf have often 
experienced. 


Receipts taken from feveral osbers. 


"Take O41 of Olives i Part, ‘of Oil of Sweet Almonds 1 Part, Juice of 
Onions 2 Parts, of Liquid Varpi/h i Part; rub the Part affected with 
this Compofition. 

If the Part happens to be dliftered, or ulcerated, the following Oint- 
ment is very excellent in fuch a Cafe. 

Boil a good quantity of the inner Bark of Elder, in Oil of Olives, and 
Grain it chrough a: Linnen Cloths chen add to It 2 Parts of Ceru/t, of 
burnt Lead, of Golden Litherge 1 Part eachy put them all together in @ 
Leaden Mortar, and mix 8 pound them till they are reduced to a Li- 


nimen. Spree tenes to break the Blifters the firft or nie 
a con 
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cond Day; but afterwards you may do it; for thefe Accidents are fome- 
times cured by Perfpiration only; according to Leonardus Bottalus de 
Vulneribus Sclopetorum, Cap. xx1. 


2: 

Mele Lard into 3 ij of Water of Morell, or Garden Night-/hade, and 
Zj of O:l of Saturn. Mix them well together. This is a fovereign 
Remedy. : -_ 

Or take Mucilage of Henbane Roots, and Flowers of Red Poppies, of 
each 3 j, of Saltpeter 3}. Mix them together with Os/ of Camphire, 
and make a Liniment of them according to Art. 

Or take of the Juice of Oxions roafted under hot Afhes 3 1, of Oz! of 
Walnuts 2j. Mix them well together. 

Or (if you will) take of the Leaves of Black Ivy 2 Handfuls, well 
pounded with Plantain Water; Oil of Olives 1 1b. Boil them all with 
Z ity of good White Wine, till all the Wine is evaporated: When the 
Coétion is over, put as much Wax amongft- it, as.is neceflary, to give it 
the Form and Confiftence ofaLiniment =- |” | 

Again; take old Lard, melted by a Flame, and received in 3 ij of the 
Juice of Beet Root and Rue, of the Cream of Milk 3, j, of the Mucilage 
of Quince Seed, and Gum Tragacant, or Dragant, of each 3{s. Mix them 
well, and make a Liniment of them. Fo/ephus Quercetanus, in Libro 
Sclopetario, tells us this is a good Remedy. | | 


CHAP. XXXII. 
Of a certain new Invention for meafuring Gun-powder, Sale- 
_ peter, Sulphur and Charcoal; together with a Searce, 


and feveral other Things reguifite in the Preparation of 
thofe Ingredsents. | _ | 


| you will fee the Form of this, new-invented Inftrument in F- 


gure 18, the Conftrudtion of which is very fimple, and you 
may eafily order it after this manner. Make a Cylinder with a 
Copper Plate, and folder it well, Though its Breadth A B, and its 
Height AC, or BD, are arbitrary, it will neverthelefs be better 
if you have a certain determined Dimenfion. In our Example, let us 
fuppofe a Cylinder that holds 4. 1b of ordinary Gun-powder, upon which 
Account the Side I H of the {quare Inftrument or Scale (which is juft as 
long as the Cylinder is high) is divided into 4 equal Parts, each Divi- 
fion an{wering to 1 Ib; we then fubdivide each of them into 2 equal 
Parts denoting the half Pounds, and each half Pound into 2 other equal 
Parts, to exprefs the Quarters, and each Quarter into 8 equal Parts to 
| mark 
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mark the half Ounces. The other Side of it (viz.) 1K, is adjufted for 
the weighing of Coal, and divided and marked with proper Lines and 
~ Characters. Obferve here, that you cannot well divide this Side, till you 
know the Weight of the Charcoal that fills the Cylinder. For Example; 
if this Cylinder, that holds 4 tb of: Gunpowder, holds only 2 16 of Char- 
coal, you mutt bifect the Side I K into two principal Parts, which may be 
fubdivided in the manner we have already {pecified. What I have. here 
faid of Charcoal, muft be underftood with regard to Sulphur and Salt- 
peter, each of whofe particular Divifions may be marked upon the two 
other Sides of the fquare Inftrument abovementioned. This Inftru- 
ment being adjufted, may be ufed after this manner. For Example; 
if you would meafure 2 Ib of Powder, lift up your {quare Inftrument or 
Scale by the Ring at the end of it, till N° 2 exactly. touches the Bottom 
of the Cylinder, then make, it faft with the Screw L, for fear it fhould 
be preffed downwards by the Weight of the Powder. Thus you ‘may 
proceed in the Menfuration of any of the other Ingredients. 

_ Fig. 19. isa Searce. Its Height is 3 Feet, its Length 3 : ; Feet, and 
its Breadth 4 } Feet. In the Body of this, at B, the Drawer C is contrived 
to go in and out, which is 3 Foot high, 3 ; Feet long, and 2 : Feet 
broad; into this Drawer, through a fine Hair Searce or Sieve E, falls 
the Meal, which goes down the fhelving Boards in the Box A, and 


which you may take ‘out with a little Woodén Ladle, made for that © 


Purpofe, in the Form as you fee Fig. E. D is aCrofs that holds the 
Sieve with four little Iron or Wooden Pegs of Pins, thereby making it 
ferve with the more Convenience for fifting. G is a Goofe-Wing, or 
the Wing of any other Bird, for {weeping the Powder together. H_ is 
a dry, fmooth, wooden, mealing Table, which is on each Side inclofed 
with a Board, upon which your Ingredients for Gun-powder are to be 
ground and pulverized, or mealed. I, K, L, are Grinders, for grind- 
ing your Ingredients upon the above Table. M is another Table with 
a {quare Hole in the Middle of it at N, which is fhut up clofe whilft 
the Materials are grinding and pulverizing, but ¢ opened whien you 
would d withdraw your Tngredicnts , | 
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BOOK III. 
Of RocKET Ss. 


aay OCKETS have always held the firft Rank of the 
feveral forts of Fireworks, that have been for fo ma~ 
ny Years paft in Vogue. The Latins called them 
_Rocheta, and the Greeks, Pyroboli; which laft De- 
nomination does not ftri€tly agree with what we un- 
derftand by a Rocket ; inafmuch as muealean proper- 

~” ‘ly fignifies Tela Ignita, or Fiery Darts. The Ita- 
lians call — Rochette and Ragg:; the Germans, Steigende Kafen, Ra- 
getten and Drachetten ; the French, Fuzees; and the Poles, Race. So 
much for their Names; but as to their Invention, it is certainly as an- 
cient, as the Conftruction of them is now common and familiarly 
known to Pyrodolifs and Fire-Engineers; which, tho’ it may at firit 
Sight appear very eafy and fimple, yet it requires the utmoft Labour 
and Skill to bring them to Perfection, and is the firft Task enjoined to 
the Difciples of * Prometheus, who would learn the artful Management 
of Fire. And truly I think it very reafonable that this fhould be their 
firft Work, inafmuch as all the forts of Fireworks exhibited for the pub- 
lic Diverfion, fuch as Fire-wheels, €ymetars, &c.. make but an imper- 


_* He is fabled by the Ancients to have made Man of Clay or Earth; and to have ftolen Fire 
fi rom Heaven wherewith he animated the Man he had made. 
fect 
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fect Appearance without them. I therefore thought. myfelf obliged in 
this Third Book, to inftruc& you in the due and proper Methods of pre- 
paring them ; to shew you their different Forms and ConftruGion ; and 
to difplay the particular Ufe they are of, | 7 


nn enren me enemeeneetenemmemenceeeen ee 
CHAP. I. 
Of Small and Middling Rocket-Moulds, | 
SORT I. 


R OCKET-MOULDS are commonly made of Brafs or Lattin; or 
they may be turned of fome hard Wood, fuch as Cyprefs, Palm- 
tree, Chefnut, Box, Walnut, Juniper, Wild Plumb, &e. But if you 
would have them formed of more valuable Materials, you may make 
choice of Ivory, or fome fine Indian Wood. _ Workmen do not always 
obferve the fame Proportions in the Dimenfions of them, no more than 
the fame exterior Ornaments in adorning them; and in this th 
verifie that Proverb, which fays, As many Men, fo many Minds. I thall 
now give you the Proportions of finall and middling Rocket-Mouids , 
(obferve here that we call thofe Rocket-Moulds, fall, whofe interior 
Diameter or Orifice cannot receive a Leaden Ball or Bullet that exceedé 
1 Ib: the middling Sort, are fuch whofe Diameters can admit Bullets 
from 1 ib to 2 tb, or 3 tb at the fartheft: and thofe are called great 
Moulds, whofe Diameters can admit of Balls from 2 th to 106 th.) as to 
the Moulds of the larger Sort, I thall fpeak of them in the following 
‘Chapter. The firft Mould then is after this Fathion. In Fig. 20, I fup- 
pofe that the interior Diameter of the Mould (uiz.) A, B, is equal to the 
Diameter of 4 Leaden Bullet of 1 ib ; aid that the Height of the Mould 
from Y to E, is 7 of the aforefaid Diameter; and that from E to G ig 
the Height of the Breech ox Bottom, which ftops. up the Mould whilft 
the Rocket is driving; which is 1 $ Diameter. You mutt here take No- 
tice, that it is the comman Praétice of Pyrobolifis to meafure the hollow 
Cylinders or Orifices of Rocket-Moulds by the Diameters of Leaden Balls, 
To return then to our Subject: upon the Bottom you have 2 folid Cy- 
linder whofe Diameter is C, D, or 43 of its Height, which is 1 Diameter 
of the Orifice: This Cylinder is crowned with the Hemufphere or Half- 
Bullet L O P M of $ of the fame Diameter. As to the Ornaments 
in general, they muft be left to every one’s particular Fancy ; but we moft 
eommonly afted an Imitation of the Columns of ArchiteGtare. In our 
Figure the Height of the Capital is one Diameter. Now to form the 
feveral Members of it; this fame Diameter being fet off from Y towards 
G, upon the Line Y, G, you thall tife@ it into 3 equal Parts; eee = 
I .- Whic 


Fig. 20. 
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which fhall be fubdivided into other fmaller Parts. Moreover from F 
to K you fhall fet off one Diameter for the Members of the Bafe: I ° 
fhall be more particular upon this Head when I come to the Explanati- 
on of the following Figure, which is more artfully wrought, and more 
adorned than this: But in the mean time you may take all the Propor- 
tions of this with a pair of Compafies. The Thicknefs of the Mould 
from A to W, and from B toX, as likewife from S to Z, and from Aa 
to R, and then down to T and U, is 1 4 a Diameter of the Orifice of the 
Mould; but from F to C it isa whole Diameter, and in fhort from G to 
H it is 3 of the fame Diameter. I is‘an Iron Pin that runs through the 
Subftance of the Mould, and through the Cylinder upon the Bottom, to 
keep them together whilft the Rocket is driving. 


SORT I. 


Fig-at. In Fig. 21. the Height of the whole Mou/d G, E, is 9 of the Diame- 
ter A, B, two of which are taken up by the Bottom. A, B, C, D, is 
the Hollow of the whole Mould. A, N, orG, L, is the Height of the 
Capital of it, and is 1 $ of the Diameter A, B. Now this Diameter being 
divided into 80 equal Parts, it will expedite our taking the Proportions 
of all the particular Members of the Capital. Firft then, in going 
downwards, the Sloping Cornith fhall be. 7 Parts high; the Lit of it 3; 
the Eehinus reverfed 7; the Lift of that 3; the Cymatium or Doric 
Gule-revers'd 7; the Lift of it 3; the upper Band 10; the Face 10; and 
the nether Band 10 alfo; the Reglet 2; the Apophyge 10; :the upper 
Ring 2; the Aftragal 4; and the nether Ring or Neck of the Column 2: 
the Projectures of one and the other Lift or Fillet is 5 Parts ; as is 
alfo the Retreat of the Face. The half Diameter of the Doric Gula 

_ fhall be taken upon the Perpendicular of the Face, and upon the 
Reglet that is under it; but the Semi-Diameter of the reverfed Echinus, 
fhall be taken upon the Perpendicular, that defcends from K upon A, G; 
as for A, K, it fhall be 30 Parts of the Diameter. The Semi-Diameter 
of the nether Echinus anfwers to its own Height. The right Line U, F, 
terminates the Projecture of the Lifts or Rings on one Side, and the 
Line I, E, on the other ; but that would be encreafed if from B and U, 
and A and I you allow 60 Parts of the Diameter. Know alfo that thefe 
right Lines determine the lower Part, or Bafe and Pedeftal of the Mou/d. 
The upper Thicknefs of the Mou/d as far as the Aftragal is ; a Diameter © 
of the Orifice or 40 Parts, but the Lower Thicknefs of O, P, upon the 
Bafe is so of the fame. All the Thicknefs of the Middle or Shaft of the 
Mould is terminated by the right Line M, O, but the Thicknels of the 
Bafe by that other Line E, W, upon E, I; the whole Bafe is 1 3 Dia- 
meter in Height. Let us now {peak of the feveral Members going up- 
wards: Firft then, the Plynth is 110 Parts high; the little Echinus re- 
verfed 8; the Lift under it 2; the Doric Cymatium 6; the Reglet 2; 

the 
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the Tore 6;. the Liftel 2; the Projecture of the Lifts, and the Semi-Dia« 
‘meters of the Echinus reverfed, and Doric Cymatium, anfwer to their 
refpective Heights. The Members of the Pedeftal are the little Tore which 
is 3 Parts, andthe Reglet but two Parts ogly. The Diameter of this (vrz.) 
E, F, is 3 of the Diameter aforefaid. The Cylinder C,Q, R, D, upon the 
Pedeftal is one Diameter in Height, and its ThicknefsQ _ , R, is 78 Parts 
of the fame Diameter: The Diameter of the Hemifphere upon the 
Cylinder is } of the Diameter of the Mould, and confequently 60 Parts 
of it. This is what I have to fay of the leffer Rocket-Moulds, as well of 
the leaft as the middling Sorts. If therefore you would fucceed in your 
Attempts in this kind of Work, you muft take care nicely to obferve the 
Proportions we have laid down; but indeed the outward Embellith- 
ments may (as we have already faid) be alter’d, and varied according to 
the Fancy of the Perfon who makes them. Befides thefe two Figures, I 


‘s3 


prefent you a third (vwz.) Fig. 22. by means of which we may determine Fig. 22. 


the proper Dimenfions and Ornaments of great Rocket-Moulds; and 
from thence find the due Proportions of thofe of leffer Sizes. That 
which I have given in this Figure is but of one Loth or half Ounce; 
and from thence we may find out Moulds for the 3, 4, $, 2 Part of a Lot/ 
after this manner. The Bafe of the. Figure AB, is divided according to 
a Cubical Ratio, and upon the Points of Divifion you have Perpendicu- 
lars erected, which are terminated by the Secant C, D, which mutt be 
produced from C to D; provided that B C, which is the Height of a 
Mould of one Loth, be 9 Diameters of its Orifice or hollow Cylinder ; 
and then all the Perpendiculars may be drawn of the fame Proportion as 
to Height. | 

Obferve here that the Semi-Diameters or Radisi of the Quadrants, and 
the Lines produced to the Extremities of them, in the Figure of the 
Mould of one Loth, denote the Thicknefs of the Mould in the Places 
where their Centers are fituated. To conclude; what we have here 
faid concerning the Proportions of {mall Rocket-Moulds found out by 
means of a larger, may be inverted ; and you may reciprocally have the 
Proportions of large Moulds by means of one of the fmaller fort. 


CHAP. II. 
Of great Rocket-Moulds. 


W E have in the foregoing Chapter limited the Proportions of {mall 
and middling Rocket-Moulds; having allowed them 7 Diameters 

of their hollow Cylinders without reckoning the Bottom: And it muft 
not be wondered that I have taken this Liberty; my continual Expe- 
rience, and the moft valuable part of my Life which has been devoted 
: M m | to 
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to this kind of Study, having fufficiently confirmed my PraGice, and 
convinced me thae they neither can nor ought to be made otherwife, if 
you would have them to anfwer as they fhould: And the Authority of the 
moft modern Pyzobol/ts wilt Gpport me in what I have laid down; for 
to {peak my Mind, it is in vain for you to feek after thefe nice Propor- 
tions in the Writings of the Ancients; for if you compare them all to- 
gether (I affure you, I have now before me at leaft a couple of Dozen of 
Authors who have written on Pyrotechnics,) you will find them noc only 
widely different from orie another, but likewife entirely contrary to my 
Obfervations, and (if I may fo fay) Diametrically oppofite to my Pra- 
étice. But be this as ie will, I fhall give you fome of their Rules and - 
Dire€tions to confirm my Affertion. Firft then; Brechtelius in the fe- 
cond Part of his Pyrotechnics Chap. IX. faith, That the Mould of a 
Rocket of one tt, ought to be the Height of 2 Fingers, and the Diame- 
ter of its hollow Cylinder the Breadth of two of the fame. Here the 
Diameter and Height are in a Subquadruple Proportion to one anather ; 
but he increafes his Moulds by adding fucceflively : of a Finger both to 
their Breadth and Height. From this Progreffion this confufed Difpro- 
portion will arife, That a Recket-Mould of 17 tb will have its Diameter 
in a + fubduple Proportion to its Height; and the Diameter of one of 
100 tb will be within a litle more than ; of its Height: Thus the Dia- 
meter and Height will be to one another as 106 is to 134; but as this 
Number is a Surd, it cannot be reduced to the loweft Term. However 
the Height will be to the Diameter in a fuperpartient Proportion of as 
1, 3 Parts. You muft here again obferve that the Diameters of his 
Moulds are not increafed in a Cubical Ratio as they ought to be, but by 
an uniform Progreffion (namely) by the Addition of 3 of a Finger ; and 
that the Heights of his Moulds are moft fadly proportioned to their Dia- 
meters: Upon the whole, I arn perfuaded that this good Man never made 
any Rockets in his Days, that exceeded one or two Ib; for it would have 
been impoffible for him to make fuch ill-contrived Things depart, or ob- 
lige them to mount up, they being almoft as broad as they were long. 
This is not the leaft Defect when he fays, that the Diameter of a Mossd/d 
of one fb ought to be 2 Fingers; for it being certain that 2 Fingers ex- 
actly conftitute the Diameter of an Iron Bullet weighing one 1b of No- 
remberg; it will follow, that the Diameter of a Mould of 100 tb will ac-. 
cording to his reckoning be 26 Fingers and}. Now if we fuppofe this 
Diameter to be that of an Iron Bullet, ic ought to weigh 2326 1b 
3 Ounces: But if we fuppofe it to be che Diameter of a. Leaden one (in 
purfuance to the prefent Practice, as I before hinted) fuch a Bullet fhould 
weigh 3350 1b 13 Ounces. By this, any one may readily perceive the 
wretched Miftakes Brechtelius has fallen into, and how abfurdly he rea- 
foned upon this Head; and confequently take care not to mind what he 


| This is right, The French has tt Subdecuple, which is impoffible. 
| teaches. 
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teaches. Yobannes Schmidlapius is the fecond of thefe ancient Pyrebe- 
ks ¥ thall mention, who lived fome time before Brechtelius. He wauld 
have the Moulds of all Rockets be the Height of 6 Diametors of their 
Orifices ; a3 for the Diameters themfelves. he increafes them after this 
manner. He divides the Diameter of the firft Mould into five Parts 
(which he fuppofes in his Figure to be eqnal to that af a Leth or half 
Ounce of Lead ) and adds two of thofe Parts to the firft Diameter to cons 
ftitute thar of the fecond Mould. This is the Order he obferves in the 
Conftrugtion of Maslds ad Infinitwe. But to fpeak my Mind as to this 
Matter ; he allows too great a Height to his larger Mau/ds, and has afz 
figned no certain fixed Meafure for the Diameters agreeing with the 
Diameters of Leaden or Jron Bullets. However J have often tried, and 
found that Diameters increafed after the manner he prefcribes, obferve 
the following Progrefflien with regard to Leaden Bullets; (namely) the 
fecond Diameter containing ; of the firit, is exactly the Diameter of a 
Leaden Bullet of 3 Loths: The Third containing 7 of the fecond Diameter 
enfwers to that of a Leaden Bullet of 7 Leth; the Fourth of 2 af the 
third Diameter is equal to the Diameter of a Leaden Ball af 20 Lerhs: 
The Fifth conteiniag 7 of the fourth Diameter is equal to that of ¢ 
Leaden Bullet of one tb a2 Leths > The Sixth ; of the Gfth Digmeter ig 
equal to the Diameter of a Leaden Bell of 4 Ib 26 Loths: The Seventh 
4 of the Sixth, to the Diameter of a Leaden Bullet of 13 Ib; The 
Bighth ; of the Seventh, is the Diameter of a Leaden Ball af 36 ip: 
And to conclude ; the Ninth ; of the Fighth. is equal to the Diameter 
of a Leaden Bullet of 98 it, From what J have here been faving, ig 
follows, that this Author has not afcertained any fix’d or limited Propor- 
tion to increafe the Diameters. But this is pretty excufable, and we dg 
not condemn him entirely ; inafmuch as he has taken upon him co thew 
ws, how to make Reakets of {uch Sizes, that a {mall one may exactly fil] 
up the Hollow of a larger. This may be cafily conceived ; for if (for 
Example) you take the Diameters of g Rockets, beginning from one 
Lath, wo fuch a Number of Pounds as we have {pecified above; the 
Eight Firft being put into one another, they will all very conveniently 
go into the ninth and laft Rocket, the Diameter of whole Orifice 
is equal to that of a Leaden Ball of 98 ib: But yon mutt take care-zhar 
the Paper.of your {mall Cafes, and the Wood of the great anes do pot 
exceed } of their refpeftive Diameters, Thefe two Pyrobolifs I have 
now.been {peaking of, are the moft ancient J can recalled ; the Art har 
ving printed his Pyrodoly about 59 Years ago; and the other publifhed 
his about go Years fince. Amongft thofe of the lateft Date, we find 
Diegus Ufanus. This Author, in Chap. XXVE, of the third Treatife of 
his Artillery, determines the Heights of little and big Rockets to be 6 or 
7 3 of theis Diameters: Therefore in this, he'comes pretty near to the 
Proportions of our {mall Rockets; ‘but differs widely from our Rules 
with regard to Great ones. But the moft modern and moft excellent Py- 
| robolift 
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robolift of all thofe I ever read (without difparaging Adrian Roman, 
‘fames Valhaufe, Furtenbach, Frontsbergue, and feveral other worthy 
Perfons, who have treated learnedly on this Subject) is one called Han- 
zelletus Gallus, who by his Name fhould be a Frenchman: This Author 
makes the Moulds of all his Rockets from one Lotb to 6 tb to be 6 Dia- 
meters, and it is in this that he difagrees the moft from us: But as 
for great Rockets (in which confifts the whole Secret of the Art) he 
fays, it is fufficient if they be 4, 4 4, or 5 Diameters in Height; 
here he approaches very near to our Proportions. As for our Ob- 
fervations on the Conftruction of great Rockets, we here prefent you 


- with a Mould (Fig. 23.) calculated for the making thofe of 20 ib, I ha- 


ving fuppofed the Diameter of the hollow Cylinder A, B, to anfwer to 
the Diameter of a Leaden Bullet of that Weight. The Height A, C, or 
B, D, is 6 iss Diameters: And is taken from the following Tadle, 
where 86 correfponds. exactly with 20 tb; that is, ‘that the Diameter 


A, B, being firft divided into 100 equal Parts, 86 of them were taken 


off by the Compaffes, and repeated 7 times from A or B, towards C or 
D, to conftitute the Height of the Mou/d AC, or BD. For as the Dia- 
meter compofed of 100 equal Parts being 7 times repeated gives the 
Height of Rocket-Moulds of one It, fo 86 being 7 times repeated gives 
the Height of a Mould that is 6 $s of its Diameters. Thus you may find 
the Heights of all Moz/ds whofe Diameters anfwer to the Diameters of 
Leaden Balls as far as 100 It. But if you would have them by the Rule 
of Three, fay, as 100 is to 7, fo is the Number over-againft your Num- 
ber of Pounds in the following Table toa fourth Number. Or you may 
divide the Diameters of the hollow Cylinders of the Moulds into 100 
equal Parts, and take as many Parts from that Number, as anfwer to 


‘the Number in the Tad/e oppofite to the Number of Pounds anfwering 


neareft to the Diameter of your Mould; a fevenfold Repetition of which 
will give the due Height of the Mould you would make. The fame it is 
with the Diameter of a Mould of 100 Ib, which if it be divided into 100 
equal Parts, and with a pair of Compaffes you take + 57 of thofe Parts; 
a fevenfold Repetition of them will give the Height of a Rocket-Mould of 
100 If, and which will be 4 of its own Diameter minus iz or 399 
of fuch Parts as its Diameter is divided into. 
From hence it is evident that I have not fallen into an Extreme of too 
much nor too little with regard to thefe Proportions ; for I have neither 
increafed the Heights of Moulds by an uniform Progreffion after the 
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manner of Brechteltus, nor laid down one univerfal Dimenfion of Height 
with refpect to the feveral Diameters ; nor always kept to 6 and 6 $ Dia- 
meters, like Diegus Ufanus and Schmidlapius. Upon the whole, I have 
not augmented the Diameters according to the Methods of Schmidlapius 
and Brecbtelius, by dividing them into 5 Parts, and adding 2 of the 
like Parts to them to conftitute the Diameter of the fubfequent Mould, 
nor by adding 3 of a Finger, as they have done; but I have decreafed the 
Heights ‘of Moulds proportionably to the Increafe of their Diameters in 
a Cubical Ratio; fo that I believe no one can tax me with having com- 
mitted a Miftake upon this Head. | 

Now that you may have no manner of doubt upon you with relation 
to what I have juft been faying, I here-under prefent you with a litle 
‘Table ; which has not been calculated fo much by Theory and Specu- 
lation, as confirmed and afcertained by my long Practice; which, toge- 
ther with the many Loffes I have fuftained, and the daily Expences I 
have been at in my Profecution of this Study and Art, gave Life to my 
Invention. © a oe : 


A Tas z of Heights for great Rocket-Moulds. 


{Pound Weights of Leaden Bullets |Hundredth Parts of Diameters in 
whofe Diameters anfwer to the] a fubfeptuple Proportion to the 


Diameters of Rocket-Moulds. | Heights of Moulds. 
I | 100 
2 98 
| 4 96 
: 94 
8 | 92 
10° gt 
12 . go 
16 . 38 
. 20, 86 
25 ; 84 ; 
30 82 
35 So 
40° ; “98 
45 77 
59 75 
55 73 
60 71 
65 69 
° 7 
ie 66 
° 64 
68s 62 
90 ‘61 ; 
95 — «$9 
100 57. 
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"Fig. 23. This is not etiough : Let us return i to our Figure, ard we fhall 
find fill fonieching farther relating to this Propottion of Moulds. EX 
tien, is the Height of the Bafe of ote Diarteter of the Orifice or hol- 
tow Cylindér: X, C, is the Thiektiefs of thé Mould chroughour, which 
is + of the fame Diameter; E, F, is the Solidity of che Bafe or Bottorh 
équal t6 i 4 of the aforefaid Diameter ; B, P, or A, P, is che Capteal of 
the Mould whofe Membérs are reverfed dt go iipwards: The Lift ig + 
of the Diameter in Height; the Echinus revérfed 5; the Regtet is ,#; 
aiid in fhort, the floping or inclifiing Cortiice is 4. QQ thew the Thick- 
nefs of the Subftance of the Mould; P P denote the Ho owings wrought 
in it, which muft be wotlded, or fecurely girt round with glued Cord, 
to prevent the Mould from {plitting whilft you drive the Recker: Thefe 
Hollowings are Diameter deep.  Befidés tlits, there is a Woodeh Cy- 
lindér joining to the Bottom, which is the Height of one Diameter ; but 
this Dirnenfion for it Will not always obtain; for in grear Rocket-Moulds 
from 46 td 76 tb, it muft be but 2 of a Dianieter, atid in the Yeft till. 
you come to roo fb, it muft be but $ Diameter. This Cylinder muft — 
be erowned with an Hemifphere; or helf Bullet; whefe Circumference 
is defcribed from the Cenety Nj and whdfe, Diainerer. is equal to 
* of a Diameter of the Orifice or hollow Cylinder aforefaid. R, is a 
{inall Cavity wheré a Ring of fomie Metal is corimonly fattened. W, it 
an Iron Pin that keeps the upper andl under Part of the Mould together. 
_ ‘As to any thing elfe;. that may be farther remarkable in this Figure, wé 
fhall {peak of it ffi the next Chapter | 
Fig. 24. In Fig. 24. you havea Mould for the Conftruétich of Paper Petardt 
(in Englifb, Crackers) which I thalt thew you how Yo adjuft, and make 
ufe of in the fubfequent Chapters. .I would only have you obferve here 
that the Height oF thefe Moulds, which is A, B, G, D, ought to be 4, 
Diameters of their hollow Cylinders, and that the Height of the Bots 
tom I, K, and of the folid Cylinder,G, E, or H F, is one Diameter; in 
Thort, the upper Surface of this Cylinder, E F, muft Be a perfect Plane, 
except where it is heightened by the Hemifphere. ~ ° 


i , Le | 
CHAP. IL — 


Of several Infiruncents for Making, Choaking and Driving all 
| Sorts of Rockers. Oe 


Y OUR Rockét-Moulds being thué adjufted, according to the Propor- 
| tions laid down in the foregoing Chapters, it wall be neceffary that’ 
a be provided with feveral other Utenfils for carrying on your Work: 
n the firft Place then; for {mall ard middling Roc ‘you mutt have a: 

| be en 
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_ Wooden Cylindrical Driver or Rowler (for very {mall ones we ufe a 
little Iron Rod) whofe Length thall be equal to the Height of the Mould, 
and its Thicknefs ¢ of the hollow Cylinder. See the Reprefentation of 
it in Fig. 25, where the Line A B is the Length of 7 Diameters of the Fig. 25. 
hollow Cylinder of the Mould of the fecond Model in Fig. 21. the lower Fig. 21 
énd of it terminates in an Hemifphere, whofe Semi=Diameter is § of the 
Diameter of the hollow Cylinder (for it is proper this Rowler or Former 
thould be a little Jonger than the Height of the Mould) and the Thick- 
‘nefs of it C D, is € of the fame Diameter. E is the Handle of it, 
which otght to be a Hand’s breadth in Length. Upon this Rowler or 
‘Former you thall pafte or glue together, as nicely as you can, fome good 
{trong Paper, till by the feveral Turns of it your Café has acquired the 
Thicknefs of ¢ of the Diameter aforefaid ; notwithftanding that in the 
firtt Mould, Fig. 20, 1 have fuppofed this fame Thicknefs to be ¢ of the 
Diameter ; for then it is neceflary that this Rowler or Former fhould be 
4of the Diameter. But for great Rockets that are made of Wood, fuch 
as you fee inI K Fig. 23, the Thicknefs K B, or A Lis !. of the Diame- 
ter, or a very little lefs; for there is always a {mall Space, a8 $, left be- 
tween the Concavity of the Mould, and the Convexity of the Rocket, 
that there may be room for a pretty fubftantial Woulding of ftrong 
‘Thread or Cord, with which the Outfide of the Rocket is commonly 
reinforced. . The Neck or lower Part, G O, of the Rocket in the fame 
Figure is : of a Diameter. Now if your Rockets are made of Wood, you 
eannot ufethe Driver or Rowler I have been defcribing above, which is 
defigned only for Paper or Canvafs Rockets ; but for Woo it mult be 3 
of a Diameter, and its Length fhall be equal to the Height of the Mou/d, 
minus the Height of the Cylinder upon the Bottom. Upon fuch a Row- 
Jer or Former I have made Paper and Canvafs Cafes for Rockets of 20 or 
30 lb and upwards, and after having woulded and fecured them round 
with glued ackthread, I have put them into the Nave of a Cannon 
Wheel, and having encompaifed them firmly with dry Sand, and fa- 
ftened them with Coins, and fixed a Bottom under them, I have in that 
pofture driven them very conveniently, ae a 
Secondly, you muft have a Rammer or Driver different from this, for 
charging your Rockets, which may be conftruéted two feveral ways ; for 
if you intend to bore your Rockets after they are driven, (as we fhall 
hereafter obferve) you fhall give it the Form you {ee reprefentéd in Fig. Fig. 26. 
26. Its Length A B, fhall be equal to the Height of the Mould, and its 
Thicknefs B C fhall be sinus +; equal to the As C, D, in the frit 
Figure, and fhall be perfectly fmooth and round, that it may the more Fig. 25. 
gonvenieatly drive or ram the Compofition, and confolidate tt in the 
or Goffin. But if you would drive your Rockets upon Copper or 
fron Needles or Piercers, fuch as O P Q, and L M H, in Fig. 20. and Fig. 20, 
23, your Driver or Rammer thall'be of the very fame Dimenfions with and 33. 
the Hollow of your Rocket-Ca/é, or Coffin, and thal have a Cavity in ie 
I that 
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Fig. 27. 
Fig. 23. 


Fig. 28, 


Fig. 23. 


Fig. 29. 


Fig. 30. 


Fig. 31. 
Fig. 32. 
and 33. 


Fig. 34. 


Fig. 35. 


Fig. 36. 
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that exactly fits the Piercer or Needle; to the end that when you drive 
your Rockets the Needle may have free Accefg into the Driver, and 
that confequently the Compofition may be driven and compatted in a 
firm Body all round it. You muft here obferve, that if the Needle is 
fixed in the Bottom of the Mould (which it muft of neceffity be, if you 
would have it in a perpendicular Pofition, and exaétly in the middle of 
the Rocket, upon which much depends) you muft have another Bottom 
without a Needle for adjufting the Paper Cafes, and a Driver or Ram- 
mer according to the firft Model ; or a hollow Driver, as we {aid before. 
In Fig. 27. (for Example) B A, is the Length of the Driver equal to the 
Height of the hollow Cylinder of the Rocket reprefented in Fig. 2 3. 
its Breadth B C, is equal to the Digmeter of it, or a little lefs, as 
we have already faid: And D, F, E, is the Hollow that receives the 
Needle. 

Befides thefe two Rammers or Drifts, Pyrobolifts have a Third equal- 
ly neceffary for driving Rockets upon Needles. You may fee the Form 
of this in Fig. 28. where its Length A B is equal to the Height of the 
Rocket above the Point of the Needle; that is, from L to I K the Mouth 
of the Rocket-Cafe or Cofin in Fig. 23. but its Breadth or Thicknefs B 
C, is exactly equal to that of the firft Driver. This is for driving the 
folid Part ot the Head of the Compofition in the Rocket ; and the 
Handles D and G fhall be fafhioned as you fee in the Figures: The 
Ends H and E fhall have Brafs Rings round them, efpecially when de- 
figned for the ufe of great Rockets, to prevent their fpreading or {plitting 
by the Violence of the Driving. 

Fig. 29. reprefents a Leather Belt or Thong, with its Buckle, Copper 
Ring, and Iron Hook moveable to and fro upon the Belt. It is with 
this that the Pyroboi/t girds himfelf when he would choak his Rockets. 
Fig. 30. you have another Hook with a Screw, which being {crewed in- 
to any Tree, or piece of Wood firmly fixed in a Building or otherwife, 
ferves together with the Firft, to draw the Cord which is about the 
Neck of the Cafe after the manner that you fee in Fig.31. Fig 32. re- 
prefents the Cord, and Fig. 33. is a Wooden Taper-bit for opening the 
Orifice, when the Neck is choaked too clofe. | | 

We have another Way of choaking middling Rockets (viz.) by a 
Wooden Sheave or Shiver turning upon an Iron Pin or 4x75, over which 
is a Cord, one End of which is faftened to an Iron Ring, and the other 
to the End of a Treading Board or Treadle, upon which the Pyrobolift 
prefies with his Foot, as may be feen in Fig 34. _ 

But for the choaking of great Rockets, you may ufe the Contrivance 
in Fig. 35. with its endlefs Screw, and Handle to turn it (A) together with 
its Hook and Iron Ring to which the Cord is tied to choak the Rocket, af- 
ter having put into the Neck of it a Cylinder done round with Hair or 


Wool, and crowned with an Hemifphere as may be feen in Fig. 36. 


which ferves properly for forming a round Cavity in the Neck of 
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the Rocket: Fig. 37 is fometimes ufed to the fame purpofe; it being Fig. 37. 
an Iron Inftrument with Hollows cut on. each Side of it, into which you 
put the Necks of your Rockets, in order to comprefs or choak them. 
There are other ways of choaking Rockets, befides thofe I have men-. 
tioned. ‘As for Example; you may faften any Handfpike or Lever to 

any Wall, Pillar, or Rafter, and then pull upon the Choaker either by 
a great Force or Weight. But as thefe Ways are out of Ufe, and auk- 
ward in themfelves, I fhall pafs them over, and proceed to a Defcripti- 
on of fuch Infiruments and Things as are more neceflary for us to be 
acquainted with. 

Fig. 38 reprefents a Copper Plate for sii a Charger, as you fee Fig. 39. 
in Fig. 40. I have given it fuch Proportion, that its Length from A toFig. 40. 
B is 1 $ Diameter of the hollow Cylinder of the Rocket ; and its Breadth. 

CD equal to 2 of the fame Diameter; and have ordered it fo; as to ter- 
minate in a Semi-Circle at the charging End, and have to its Length. 
and Breadth added another Diameter refpectively, that it may be con- 
veniently fitted to a little Wooden Cylinder or Handle to which it may 
be faftened with {mall Nails; for let the Thicknefs of the Handle be 
‘equal to one Diameter, and the Rotundity of its Convex Surface will be 
3 Diameters, that is, equal to the Breadth E F. The Length I have 
affigned for this P/ate, ought to be obferved in making Chargers for lit- 
tle and middling Rockets ; for I have often experimented, that Chargers 
made in this Proportion, contain exactly fuch a quantity of Compofition, 
‘whofe Height fills one, Diameter of the hollow Cylinder of the Rocket. 
Now it will be fufficient, if you put in'as much Compofition at a time 
as being well driven with a Wooden Mallet will take.'up the Space of 
half a Diameter aforefaid. But in driving of great Rockets you muft put 
in lefs Compofition at a time ; for it will be fufficient if you. put in half 
of what we have directed with refpect to {mall. Rockets; and confe- 
quently the Plate with which you would make a Charger, that fhould 
hold but juft fo much Compofition as to fill up half thé Space we have 
been mentioning of the hollow Cylinder of a great Rocket, and which 
being well driven fhould be only 4 of a Diameter in Height, fhould have 
its Length equal to but one Diameter. As for the Size of the Handle 
to which the Plage is to be fitted, it fhall be in fuch. Proportion ‘ as We 
have abovedirected. 

In Fig. 39 you have the Reprefentaticn of a Weoden Mallet with Fig. 39. 
its Handle. It fhould be made of fome hard, heavy Wood, fuch as 
Elm or Birch Root; its Length or Height fhall be 1 2 of its Breadth or 
Thicknefs, which fhall be proportioned to the hollow Cylinders of 
Moulds after this manner. From 100 ib down'to 50 tb, your Rockets 
fhall be driven with Mallets, the Diameters of whofe Thicknefs are 
equal to the Diameters of the hollow Cylinders of the Moulds: But all 
other Rockets down to 10 Ib, with a Mallet whofe Diameter is equal to 
that of a Leaden Bullet of 50 tb. In fhort, all from ‘1Q tb to 1 Ib, thall 
. oO | Oo | Z be 


143 


Of the Great Avi of Axritteny. Book If, 
be dtiven with 4 Mallét wholt Diamétée? #2 ghd! t6 that of @ Leaden 
Bullet of 40 15; ahd as for thofe ftori i 1B to 8 Lsths Ot 4 Onreds, they 
fhiall Be driven with a Mallet whofe Diartiétet 4s eeuial to that ef & Ledu 
dén Bulléé of 20 1h. Or tb do bettér, and fpeak rhoré plainly; all your 
Mallets from 166 tb to 10 tb fhall have their Diaiiétéra equal eo the 
Diameétefs of the Otifices of their tefpettive Aféa/ds : which dere, you 
fhiall rake 4 Cavity in the Ends of them which you do tot ftike with; 
into which you fhuft potit as mitch mhélted Lead ds rtidy be fafficlenié (6 
friake theth as heavy as thé Bullets by whiofe Diartieters the Orifices of 
their refpective Moulds are meafured. We may with a Mallet of to 1B 
drive all other Rockets, down to 4 tb; afd frorn 4 16 to i Tb with a 
Mallet of 6 th; and from ore {6 t6 1b { with a Maller of 4. tb: In thert; 
from 1b (& to 4 Loths, ot 2 OwAvcti; the Mallet thell weigh 2 1b. 

As for the driviitg of very fmall Rockets, ot (a9 we ell chem in Eng- 
glith) Sgaiés, you need net Be fo nicé iff the Preparation df them: I 
have knowti (ome todern Pyroboli#s who affioned 4 deterininate Nurti- 
ber of Strokes, and Muldts of various Weights; for che feveral Cotnpo- 
fitions they ufed in driving a Rocket of any one pafticular Sizé; fo that 
they changed the Weight of their Marler, atid varied the Nutnber of 
Strokes, according to what Compofitidn they ufed. But in my Opinio 
this Rule is more tidiculous and whihifical, than ufefal; therefore fers 
ting thefe Abfurdities afide, this is the inoft ctresih ahd beft Method 
that can be purfiied with repard to this Matter; (antely) When you 
pour Cothpofition into your Rockets, ix fhall nue be tdo dry, for feat of 
its oa and flying about ili a fibtile Meal or Duft whillt you are 
driving tc; But thall Be a little thot, to the efid that it Hay collect che 
Better, and We the tiiore folily comprefied in the Cale or Ceffih of the 
Rocka. You may belitve, it is imipbffible to alcertain ally détermiiate 
Numbet of Strokes that nay be exa@ly fufficient in drivitig it; and 
therefore we tan only fay that the Cotipofition ought te be drivett and 
beaten till it is bécothe as hard at w Stone. As for thofe Particles that 
are dried by the Violence of the driving, and will act unite with the 
eft; they hall from time to time be turned out, by ftoeping che 
Mould, and frriking it briskly to make them fly abroad. I muft fartler 
cantion ye, to ftrike the Driver with an equal Number of Strokes, 
as often as you pour your Compofition into the Cafes and tet your 
Blows be given with an wniformn Force, neither wo violéncly nor too 
gently, but with moderation, and making a fhort Paute after each Blow. 
The Weight of the Malet fhall be as we have ordered above’ The 
€ompofitiors fhall be taken and ufed in Proportion to the Diamveters of 
Rockets, as we {hall obferve in the following Chapter; and Beware of 
ufing an hundred different Sorts of ‘Compofitions, for one or any parti- 
eular fized Rocket, and only Rick to one or two, which you thall by 
Experience find to be the beft. To this I fhall add, that fach Ingre- - 
dients as are too Ury, ‘imperfectly mealed, and negligently feareed, of 

I that 
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that have too niuch Charcoal amongft them made of any hard, grofs 
Wood, cannot bé confolidatetl without & great deal of Labour, and 
therefore muft be driven much longer than thofe which are free from 
thefe Defects, I muft furthermore inform you that che ftronger the 
Compofition is, fo much the more ought it to be driven s that the Fire 
may nicet with the more Obftruction in confuming it, and that by 
meane of its folid Confiftence the Action of that Element may be re- 
Rttained. But this, on thé other hand, is apt to throw us into a great In- 
conveniency; for tho Violence of the driving greatly adds to the 
Strength of the Compofition, and indues it with I know not what ex> 
traordinaty Virtue which it had not before ; therefore muft you keep 
thic S=stence in Mind, as & general Rule to be obferved in our Art 
(namely) Serva Mediocritatem: Avoid Extreams, and keep in the. mid- 
die Path, left by running into either Excefs, your Labour proves vain 
and abortive. Bur let us have done wich this Digreffion, and refums 
our Siibject. Say we chen, chat the longer the Handle of the Mal/et is, 
and the higher the Pyrodo/sf lifts up his Arm te ftrike, with fo much 
the fhore Velocity and Power will the Mallet fail upon the Head of the 
Driver that is beneath. So that a Mallet of 10 ib only will a@ much 
rhore violently, and defcend with greater Force, than one of double chat 
Weight, but whofe Handle is only Subdecuple of the Firkt. If you 
would khow the Caufe of this, confult che Mechanics, and dhey will fe- 
tisfie you. There are thofe who imagine that all Bodies that are put in 
Action by any means whatfocver, act with the more Power Upon the 
Bodies they irnpinge, the denfer the Air is between them: For (fy 
they) it is certain chat the Air is coadenfed in Proportion to the Velacity 
of the defcending or acting Bedy; and all flach as move ia a Circle (] 
fpseak of this circular Motion only) have their Motion dhe more (wif, 
the farther they are removed from thew Ceattr of Motion ; fo thac the 
Velotiits of Bodies in this cafe, ate to one another re(pectively, aS the 
Reds of the Circles, and dre Ciccumferences they dofcribe. If acw 
you take the Handle of a Afailet that is fomrewhat long for the Radius 
ef a Circle, tht Center of which is fuppefed to bc wn che Arm of hich 
that ftrikes; “ This Malet will move more freely, and with greater Ve- 
“ fecity and Power, than anothet Afeilet, whofe Handle is Arotter chough 
“ its Weight may exceed that of che Fintt ; but is Sow and lazy ja its 
“ Astion by stafon ef the Shortness of its Handle.” Thefe Arguments ate 
fiae and plau&ble: But for *ny patt I cannot help thinking, that tiis may 
with much tore reafon be attributed cothe Confrwtion of the acting Boe 


dy ot Mallet, dean to any other Accident; and I canaot porfuade myfalf thac . 


the Denfity of the Ait can any way contribate towards the Gelority of the 
Maklet, or make it fail the heavier upon the Driver ; and mny Reafon is, 
becaufe there can be but little Air in the Space taken up by the Mallet 
in ivs circular Motion: Add to-which, that by a frequent Repetition. of 


a Motion the Air interpofed between the Active and Paifive — 
wou 
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Fig. 41. 


Fig. 42. 


Fig. 43. 
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would be rarified and difperfed, inftead of being condenfed, and commu- 
nicating an Increafe to the Itenfity of the Power of the Acting Body. 
But we fhall in another place have occafion to trace out more particu- 
larly the Caufes of the Rarifaction and Condenfation of Air, where we 
fhall examine in what degree the Air interpofed between two Bodies 
(namely, between one fixed, and another moving naturally, or by any 
Force impreffed) can either affift or deftroy the Motion. I fhall here. re- 
mind you of what I faid above (viz.) that the Force of an Arm that acts 
with Violence, greatly increafes the Velocity of the Mallet, and confe- 
quently makes it fall the heavier upon any. Object. 

As to great Rockets you may conveniently drive them, if inftead of a 
Mallet, you ufe a kind of Beetle, not much unlike what Architects and 
Workmen commonly drive down Piles, Palifades and Stakes with, pro- 
vided you take care to have it of a moderate Weight. This Engine is 
compofed of 3 Spars or Poles well faftened together at Top with a Rope, 
and {preads out in 3 Legs at the Bottom; and has two perpendicular 
Timbers, between which the Ram (as fome call it) with its Iron Rings, 
and Head armed with the fame Metal, is hoifed up by means of a Rope 
reaved through a Pully at Top, and being up, it falls down again by its 
own Weight upon the Driver ; which by this Blow violently compref- 
fes, and confolidates the Compofition in the Rocket-Cafe. If this Beetle 
does not exceed 100 Ib, it may be eafily kept going by two Men, and 
the longer the Spars are the higher will it be raifed ; and confequently 
falling through a greater Space in its Defcent, the more will its Power 
be increafed, according to that common Saying, Gravis Ca/us ab alto. 
Mar. Merfennus in his Hydraultcs, Baltics and Mechanics, treats large- 
ly of this, to whom I refer fuch as are defirous of being particular- 
ly inftruéted in it. Let us now return to the reft of our Inffruments. 
In Fig. 41 you have an Iron Cylinder terminating in a Point (or rather 
-++ Punch) towards the plane Superficies at Bottom, with which we 
pierce certain round Pieces of Pafteboard or {trong Paper which are put 
upon the Compofition after the Rocket is driven. Fig. 42 reprefents an 


Iron Cone that goes tapering to a very fharp Point, which may ferve for 


the fame Ufe as the former Infirument: In A you have a circular piece 
of Iron or Wood perforated in the Middle, which may be ftopped with 
a {mall Nail or little Iron Pin, running into thofe Holes which you fee 


all down the Cone with defign to prevent the aforefaid Piece of perfo- 


rated Wood or Ring from flipping. The Diameter of this Rixg thall 
be fuch as may exactly fit the Orifice of a Rocket whiltt the Point perfo- 
rates C. This may ferve for feveral Rockets, provided it be long 
enough, and that you have Iron Rings of feveral Sizes, adapted to the 
Orifices of them. ig. 43 fhews you the Form of a piece of Wood or 


He muft here certainly mean a Punch; for ix is certain that a Pausch is fi:ter for the Work 
he mentions than a Point, 


Cap, 


a 
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Cap, to cover the folid Head of the Compofition in great Rockets, 
which. is perforated in feveral Places, and has its Curve Surface hol- 
lowed in a Groove like the Sheave or Shiver of a Block or Pully, the 

ufe of which you fhall know hereafter. Fig. 44 reprefents the Pyro- Fig. 44. 
technic Knife. In fhort, in Fig. 45 you fee feveral Tools diftinguifhed Fig. 4s. 
by A B and C, for cutting, hollowing, and ingraving all the Wood- 

work ufed in the Conftruction of Pyrobolical Machines, a great Number 

of which I fhall give you in the following Booés. 


CHAP. IV. 


How to mix the Ingredients, and prepare Compofitions for 
all Sorts of Rockets. 


OUR Pyrobolifts may be very juftly compared with the canting A/- 
| chymifis of the Times paft, (or the Prefent, if any are yet remain- 
ing) who, tho’ they dealed in nothing but Smoke, yet arrogantly took 
upon them to be Profeffors of fo noble and excellent an Art as Chymi/try ; 
and fweating Night and Day in fearch of the Philofopher’s Stone, and 
other fuch Whims as fubfifted no where but in their crazy Imaginations, 
to the fruitlefs Expenfe of their own Wealth or that of others ; impofed 
their Fallacies on the Weak and Unthinking for Truths and Things of 
real Exiftence; like thofe Fugglers who throw Duft into our Eyes, to 
hinder us from feeing through their Tricks ; and who like-them are, at 
ahe End of the Chapter, obliged to feed on Coa/, Afbes, and the Dregs 
of their Alembics, and to drink the Tears forced from their Eyes by a 
perpetual Smoke as an agreeable Ambrofia. For even as thofe footy 
depts carefully wrapped up the Arcana of their Art, or rather of their 
deceitful Artifices, which they upon occafion knew how to divulge with 
fuch f{pecious Appearances of Truth, and of which if by chance they 
left any Account in writing, they neither exprefled it in Aradick, Chal- 
dean or Syrian Characters, but as a Science of Diaboltcal Extraction, and 
(if I may fo exprefs myfelf ) immediately derived from Hell itfelf; and 
all with a Defign to give their Profeffion the greater Weight with the 
Vulgar ; knowing well that fuch Things as appear the moft myfterious 
to them, and fall the leaft under their Apprehenfion, excite their 4d- 
miration the moft, and immediately beget in them a longing Defre 
to be let into the Secret : Juft fo is it with our Pyrodolifs, or at leaft 
with the greateft part of them, who feem to have contracted this evil 
Cuftom, and to have borrowed the Achymift’s ridiculous Politics: And 
accordingly they would have us believe, that they obtained the Secrets 
of their 4r¢, with much difficulty from their Mafters, or other Per- 
fons deeply verfed in it: That thefe rare Things were communi- 

Pp cated 
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cated to them in Pledge of perfect Friendfhip, or in Recompence for 
great Services done, or in return for fecret Bribes of Money. But 
mark here their great Difingenuity, and Malice of Heart! for left any 
one fhould eafily come at a Knowledge of thofe Secrets which they fo 
carefully conceal; or gather any thing from their confufed Memorandums, 
they commonly exprefs every thing ufed in Pyroboly, together with the 
Weights and Meafures, by fuch uncouth Characters as are not to be un- 
derftood by any but thenrfelves. There are thofe, who have made cer- 
tain explanatory Notes in unknown Characters to fuch Books as they 
had before printed, which if they fhould happen to be loft, Farewel 
Sczence ! we have nothing more to do than to fhut up our Books and 
our Shops too, and believe that we have loft the Means of enriching the 
Pyrotechnie Treafures, which had been locked up in thofe ineftimable 
Cabinets. Incruth, I fhould not difapprove of their Defign, bue thould 


- commend their extreme Diligence even in this Cafe, if they would purfue 
_ the Methods marked out by others, in their Endeavours to exalt their Art 


to the higheft degree of Perfe€tion: But it is a very great Weaknefs and 
Folly in a neceffitous Man to be afhamed of borrowing from a Friend, 


what he hopes to repay very foon with Intereft. It is a Task too tedious, 


and unequal to our Strength, to acquire an unver/al Knowledge by our own 
Induftry, without the Affiftance of others. But they are fo far from be- 
ing communicative that they do their utmoft to hide what they have 
learned as holy and fecret My/fferies ; fondly thinking, that if they were 
to be divulged the Veneration they ard had in would be diminifhed by 


the half, and chat cenfequently the Profeffors of the Art themfelves 


would lofe a great fhare of the good Opinion the World had conceived 
of their Abilities. Indeed, I for my part have often feen great and 
mighty Collections of Secrets, Remarks and Annotations, (great and vo- 
luminous as to Paper, but {mall and thin with regard to Science) and 
upon Tryal have found that all thofe rare Things, which appeared fo 


extraordinary to the Reader, were nothing but mere Smoke, the E 


via of diftemper’d Brains, or like Bladders {welled out with Wind, which 
can preferve their Bulk no longer than they remain unhandled and 
clofed up. Since their Humour is of this odd Turn, I fhould think 
they woud act more prudently, if they would try thofe Things they re~ 
ceive from others as valuable, and endeavour with all cheir Art to 

them in Practice, before they infere them in their public Works, by 
doing which they would no longer deceive others, nor be deceived them- 
felves. Burt the great Misfortune of thefe Men is their having a Notion, 


that all folid Learning confifts in a vaft Heap and Multiplicity of Arti- - 
cles and Inventions, which they collect together where-ever they find ' 
them, without knowing whether they be Good or Bad, Valuable or not; — 
but every thing fhares in their Efteem that does but contribute to fwell 
up their Works. But to have done with this Topic; I think thofe take 


the moft prudent and commendable Methed in their Pyrodoly, who 
| make 
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make ufe of but one or two Compofitions only which they know to be 
good, whether they be of their own Invention, or whether they be re- 
' ceived from any other, whofe Purfe is better able to go through thofe 
expenfive Experiments, provided always, that they are founded upon 
Reafon, and Geometrical Demonftration. Now it being my Defign to 
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treat of the neceflary Compoftsons for all forts of Rockets inthis Chapter; — 


I thall endeavour to fhew (being certain that no one ever attempted it 
before) by what means, and in what Proportion the Ingredtents ought 
to be mixed for the Compoftions of all Rockets ; to the end that from the 
fine Harmony of their Affemblage, and what elfe you wil find in the 
Sequel of this Work, you may reap the Fruit and Benefit of our great 
Labour. 

We find {0 vaft a Number of Compofitions amongft the Profeffors of 
this rt, that it is as much as we can do, to guefs which are the beft of 
them; for if we were to try them all, it would take up a great deal of 
Time and Money. Upon this Account it is that I have given myfelf 
the trouble for many Years paft of feeking after‘a Method, by which I 
might readily come at a Knowledge of the Goodnefs of any Compofition ; 


and have been fo nice in my Refearch, as to put none in Practice till I 


had examined them by an exact Arithmetical Calculation, Geometrical 
Demonttration, and by folid Arguments drawn from Natural Philofi- 
phy. Ic is here then (Candid Reader) that I not only give you leave; 
buc if you are a good Pyrobghft, or if you have never fo \jttle a fmat- 
tering of the Mathematical Elements joined to a little Knowledge in 
Phyfics; 1 do even entreat you to examine all the Compofitions which I 
am here going to offer you, thoroughly and to the bottom: For I am 
precty well affured that you will find nothing to difapprove of in either 
my Theory or Practice. But Firft you ought to. know the following 
general Rules, which will ferve as a Touchftone to try the Value of all 
Comepofitions, whether they be of your own Invention, or communicated 
by others; and by means of which alfo you may contrive new ones at 
pleafure. 

The firft Rule is: Rochete quo majores fuerint, lentiort onerentur ma- 
teria: quo autem minores fortiort, ‘That is; the larger Rockets are, the 
weaker and flower fhall their Compofition be; and on the contrary, 
the leffer they are their Compofition muft be the ftronger and quicker. 
This mutt be carefully obferved : And the reafon is; becaufe when the 
Fire feizes upon a ftrong Compoftion in a great Rocket, it will devour 
more of it ina Moment, than it could in a {mall Rocket in one, two or 
feveral Minutes; for as there is a greater Cavity in large Rockets, the 
Fire has an Opportunity of preying upon a great deal of Matter at once, 
and accordingly confumes a confiderable Quantity of it in an Inftant. 
Ic is a very difficult thing to prefcribe Laws to Fire, which is the moft 
active and voracious of all the Elements, and much more to fet determi- 
nate Bounds to its Action whilft there remains any combuftible Matter 


‘or 
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for it to deftroy. From hence it will neceffarily follow, that a 
ftrong Compofitton producing a fudden and inftantaneous Combutftion, 
it muft, when in great Rockets, burft them fomewhere or other. 
Now this happens from the too great Concourfe and Denfity, or 
to exprefs myfelf clearer, from the extreme Confluence and clofe 
Union of the Rays of Fire iffuing from the Sides of the hollow — 
Cone, which together with the great quantity of + windy Exbhala- 
tion (generated by the Accenfion of the Sa/tpeter;) being too much 
ftraitned, and requiring more room, they by their Impatience of 
Confinement forcibly break through the Pafteboard or Wooden Walls 
of their Prifon. But the Cafe is quite different in fmall Rockets; for 
the Fire confuming the ftrong Compofition in them by flow Degrees 
only, the Rays of Fire iffuing from the Sides of their hollow Cones are 
fewer in Number, and in fo narrow a place they have not fo much Wind 
or Exhalation to rarifie ata Time, and therefore are in no danger of 
burfting. 

The Second is: 4d majores Rochetas que unam libram, vel duas ad 
fummum fuperant ; non alligetur alits matertus pulvis Pyrius. For great 
Rockets that exeed 1 or 2 Ib at moft, you fhall mix no Gun-powder with 
the other Ingredients. I have no other Reafon to give for this, than 
what I juft now mentioned; for when Gun-powder is mealed, it muft 
be beaten and pounded very much, by which means it is endowed with 
an extraordinary Force; for the repeated Strokes add a great deal of 
Heat to it, and even Fire itfelf; in fhort, the Pounding unites the Sa/t- 
“peter with the Coal and Sulphur, and converts them into a Subftance 
that is perfectly Igneous, after having purged them of all hurtful Moi- 
fture. Upon this Account it is, that a little Gun-powder has more Vir- 
tue and powerful Effect, than any quantity of Sa/tpeter that might be 
ufed in Compofitions in different Proportions. 

In fhort, the Third is: For great Rockets from 1oo tb down to 10 
Th, you muft firft take fuch a quantity of clarified or purified Saltpeter as 
fhall be equal to the Coal and Sulphur ; and then afterwards let it he ina 
fimple unequal Geometrical Proportion of Superparticular or Superfartient: 
but from 10 Tb down to 1 tb or ¢ Ib, let it be firft in a Double Proportion, 
then Triple, and then Quadruple, and fo on, of the Aliquot Parts of an 
Integer. In fhort, from one lb to the very leaft Rocket, let the Saltpeter be 
taken together with the Gun-powder 1” feveral Degrees of Superparticu- 
Jar and Superpartient, as Sextuple, Septuple, Ocfuple, Noncuple and De- 
cuple; or Sixfold, Sevenfold, Eightfold, Ninefold and Tenfold. The Pro- 
portion of Coal to Sulphur, /hall be either Sefqutalteral, or Double, or Tri- 
ple, and fometimes Equal. 


t¢ This is what we mean in the fecond Book by Flatulent Expanfion —— both thefe Expreffi- 
ons bear one and the fame Signification ; but this is moft intelligible here, and Flatulent Expan- 


fion is more proper in the other Place. 
4 


Obferve | 
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Obferve here however, that you muft increafe and diminifh the 
Quantity of Saltpeter with regard to the two other Ingredients, as the 
Coal is to the Sulphur, and reciprocally as the Sulphur is to the Coal, fo 
muft they both be to the Saltpeter; as if (for Example) you begin by 
great Rockets, you augment the Quantity af Saltpeter by degrees, and 
diminith the two other Ingredients in fuch Proportion as not to deviate 
from this Arithmetical Progreffion. Whenever you contrive new Com- 

pofitions, T advife you to try them before you make them public, and 
put them in Praétice privately, that you may avoid — and cor- 
rect fuch Errors as you night have fallen into. . 

As for Compofitions that you receive from others, you may examine 
them, if you underftand never fo little of Geometrical Proportions, and 
the Ufe of them s or if you will meke the Experiments ascarging to the 
Rules here laid down. 

Accept then favorably, of thefe follewiag Compofitions, which I give 
you for your Amufement at your leifyre Hours. , I here deliver them to 
you with all the Fidelity Iant capabte’ of: from thofe of 100 tb down 
to the leaft Rocket that can be made... But-by the way, I have not con- 
fined myfelf to any particular Arithmetical Progreffion with regard to 
the Proportion of Coal to Sulphur, asi propofed above; and ihdeed it is 
not abfolutely neceflary: But I only give you the Compoftions in the 


Proportion and Order, I found them ‘in my {feveral Experiments of 


thiskind. However, ;if you take upon you the treble of proving and 
reducing them to an Arithmetica] Calculation, you will find that I have 
firictly obferved our F irft general Rule in all my Compofition, 


Compolit itions for all Sorts of Rockets, *4 


_ Fram 190 to 8e and fo 6. 
_  _ Of Seltpeter 30 tb, of Coal 20, and of Sulphur 10 I: > 


In this Compofition you have the Saltpeter equal to the two other In- 
gredtents, but the Coal is double of the Sulphyr. You may freely ufe 
this Compofition for all Rockets-that can be made’ from 100 to 60 1b; for 
it & bef to let their Campofition be wesker than whit they perhaps can 
bear : It being by much the fafeft with negard to Powder to err on the 
weak fide, that is, by allowing rather too little than too much Strength ; 
for the Weaknefs of a-Compostion, or of Powder either, may be ecafily re- 
medied by adding a Portion of violent Matter: But in order to be af- 
fured how your Compoftion will prove, you may make Tryal of one 
Rocket before you drive any of the reft; from whenee yoo may conchide 
eoncerning, whap you may expect from the others, 7 ‘ 


| From 50 to 40 and 39 tb. : 
| PE Balgete 30 tb, A toal 8 and of Salpbar 7 Ib. 


Ta9 
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7 From 20 to 8 tb. 
Of Salspeter 42 tb, of Goal 26 It, and of Sulphur 12 Th, 


From 15 Ib to 12 Ib. 
Of Saltpeter 32 Ib, of Coal 16 tb, and of Sulphur 8 ‘th 


| From 10 Ib tog th. 
Of Saltpeter 62 tb, of Coal ao Ib, and of Sulphur 9 rr 


From 9 ib to 8 th and 6 Ib. 

Of Saltpeter 35 tb, of Coal 10 tb, ‘and of Sulphur 5 th 
| From § tb to 4 tb. . : 

Of Salpeter 64 tb, of Coal 16 Ib, and of Sulpbur 8 ib. 


From 3 Tb to 2 tb. 
Of Salpeter 66 If, of Coal 15 Ib, and of Sulpbar 2 Ib. 


Of | one Th. - 


of Gun-poroder r tb, of Saltpeter 8 Tb, of Coal 4. Ib, and of 
| Sulphur 2 Tb 


“ts 18 Lotbs, or 9 ee tos ! IB, | 
Of Powder 18 1b; "of Saltpeter 8 fb, of Coal 4 th, of Sulphur 2 tb. 


From 12 Loths to 10 Lotbs. 


Of Powder 30 Loths, of Saitpeter 24 Loths, of Coal 8 Loths, and 
of Sulphur 3 Loths, 


' From 6 Loths to 4 Loths. 


Of Powder 24 Loths, of Salpeter 4 Loths, of Coa/ 3 Loths, and 
of Sulphur 1 Loth, 


From 2 Loths to one Lofh. 
Of Powder 30 tm, of Coal 4 Loths. 


 =«&F rom | $, 4, ¢ to, + of a Loth or half Ounce. 
Of Powder 9 or 10 Loths, and of Coal x or 1 $ Loths. 


3 


The {maller fort, called with us Serpents or Sguibs, may be of Meal- 


Powder only, except the Priming, which ought to be of Corn-Powder. 


CHAP. 
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CHAP. V. 


Of the Boring of Rockets, and feveral Inftruments proper 
for that Work. 


AS for the Boring of Rockets, or the means of piercing che folid 
Compofition in a certain determinate Proportion as to Breadth and 
‘Height; whether it be done at the fame time that you drive them, or 
after they are driven; it is an Invention which I can give you no great 
Hiftorical Account of, nor inform you whether it be New or Old. How- 
ever, I cannot but think that the ancient Pyrobolif's were well acquaint- 
ed with an Article of fuch Importance in the Conftruction of Reckets ; 
without which it would be impoffible for them to fly upwards; for it is 
owing to this Contrivance, that the Fire is able to accend the Compof- 
Zion in fuch a manner as to have its Rays collected to a Center, and by 
their united Efforts, to force up the Rocket and all its Furniture as long 
as there is any Combuftible Matter left. But I,am_ inclined to think, 
that thofe good Gentlemen referved it in Silence as a very great Secret of — 
their Art : Or elfe we may believe, that they defignedly skipped over 
this Article, contenting themfelves with initiating us into feveral other 
Myfteries of this Science.which they freely enough divulged. Now for 
my part, after having read over and over again all the Writings of the 
ancient Pyrobolifs, I never met with one Syllable of Inftruction relating 
to the Method of boring Rockets; In truth, I do not much wonder at 
thas; becaufe I know it is at this Day the Cuftom of Fire-Workers (and 
they religioufly obferve it) not to reveal any Secrets concerning Fire- 
works without much Importunity ; and whenever they do communi- 
came any of them, it is to fuch Perfons only, who make this Science 
their particular Profeffion ; or perhaps to fuch as promife them great 
Tbings: Or they may happen 3 in their Drink to declare all they know, 
together with what they know nothing of; and fo let thefe Arcana fall — 
from them amongft the reft of their drunken Difcourfe ; which in their 
fober Intervals would have been retained within their own Breafts. But 
be this as it will, certain it is, that the Profeffors of this rt force a fo~ 
Jemn Oath from their Difciples, after they have gone through a proper 
Courfe, and that they are upon the point of difmiffing them; in which 
Oath they fwear never to reveal what has been communicated to them. 
to any Perfon whatever, and oblige themfelves not to make a publie 
Profeffion of it, nor to teach it privately to others till after a Period of | 
three Years. In this they imitate the Cabalfs, who never initiate any 
into their Myfteries, but fuch as are filled with a Divine Spirit, and (as 


they 
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they fay) fuch as were predeftinated from their Mother’s Womb to re- 


ceive the Sacred Gift of Prophecy, or rather of Pfeudo-Prophecy: Myfte- 


ries which they hold in the utmoft Veneration, and perform with ex- 
traordinary Ceremonies, mutteting I know fot what between their 
Teeth, with exprefs Prohibition (a Superfticion punifhable with Death) 
hever to reveal theft wo’any living Soul. But as for me, far from yn- 
tertdinitig fuch narrow Sentiments, far from being aCtuated by fuch a 
Spirit, or expecting any Reward; I here give you Gratss, what I pur- 
chafed at fo dear a Rate: And breaking Silence to oblige my Friends, 
‘and ftrve the Public; defpifing all the Reproaches and dnarhema’s, 
whith thofe worthy Gentlemen the Pyrobohfs may thunder out againf 
thes I here eclate openly and plainly, T4at Rockets ought to be bored 


to thé Height of § of the Compofition or Matter wherewith they are filled, 


' “thimds - Diameter of their bollow Cylinders. The Breadth of the Ori- 


Fig. 46. 


Fig. 48. 


fice at ‘the Choak fhall be of the Diameter of the Mould, and go fa- | 


pering tp towatds 4 Poine like a Cone, in fuch manner that the Uppet 
Breath ‘of it thall be 4 of the Lower; for a Cavity of this Form will 
‘be the beft adapred for receiving the Fire in fuch a manner as to oblige 
the Rocket to take ics Flight. There are two Sorts of Infiruments ufed 
for making thefe Cavities (namely) hollow Borers, and certain Needles 


vor Piercers of Iron or Copper, ‘made in fafhion of a Cone. In Fig. 46 


you may fee a Reprefeneation of theft, diftinguifhed by the Letters A B 
CDE.. A, the firlt, ¥ for Rockets of 2 tb: Its Height, BC, is # of rhe 
Height of the Rocket: minus a Diameter of its hollow Cylinder, begin- 
hing to meafure it from that Point where the Compofition begins (vez. 
at the Neck ot Choak, to that Point where the Matter in the Rock 
terminates. For Example, in Fig. 48 the Height of the Rocket from 
P to I being divided into three equal Parts, two of them will reach to G, 
then from G, fubducting N O a Diameter of the hollow Cylinder of 
the Rocket, and fetting it off downwards towards F, you will have the 
proper Height of the Cavity P F or E F (viz.) 3 of the Height of the 
Rocket minus a Diameter of its hollow Cylinder : And its Breadth E P 
will be : of the Diameter M B,. The Upper Breadth of the above- 
mentioned Borer in C is + of the Lower Breadth D E. In Fig. B, 
which ‘is the Second, you have a Piercer for Rockets of 12 Loths or 
6 Ounces. Cis for thofe of 8 Loths or 4 Ounces. D for thofe of 6 Lotks 
or 3 Ounces; and in thort, E is for thofe of 2 Loths or 1 Ounce. Now 
the Proportions of thefe Laft are the fame with thoft of the Firft ia 
Letter A. You have moreover in the firft Fig. A, Divifions expreffing 
the Prerecrs of {mall Rockets down to § tb each diftinguifhed by its proper 
‘Namber. Know then, that I made thefe Divifions in a Cubical Ratio, 
helio, the right Line B C (which is the Length for the Borer of a 
ket of 2 tbh) into Parts Cubically proportionate to it; as into Sub- 
duple, which is one Ib: Into Subquadruple, which is $ Ib or 16 Lothsy 
anil fo 08 of the reft chat are between any two of them, “And tho’ we 
a might 
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might in this manner have given the feveral fmaller Borers deduced in 
proportion from one exceeding 2 Ib, I avoided it becayfe I would not 
have the Upper Breadths of {mall ones toa much difproportioned to 
their Lower Breadths ; or elfe we mutt be obliged to diminith the Up- 
per Breadth of a great Borer, {o as to ferve for Rockets of 1 or 2 Loths, 
but they would in that Cafe be apt to be too narrow. Therefore you 
will do better to have your Borers for {mall Rockets feparate from the 
ereater fort; by doing of which you will have them all nearly in one 
and the fame kind of Proportion. Your Borers fhould have a little 
fort of Handle, that you may the more conveniently guide them; a Re- 
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prefentation of which you have in Fig. F. The Letter D in Fig. 49 Fig. 47. 


fhews you another Handle which turns the Borer like that of a Wimble. 
In fhort, all the Sizes of chem may be eafily fixed in a Turner’s Leathe 
for boring of Rockets expeditioufly and nicely. But if this Way does 
not pleafe you, you may. ufe the little Machine which you fee in 
Fig. 47. which is very conveniently contrived fer this Work: You mutt 
firft then have a piece of Timber in Form of a Parallelopiped, fawed 
through the Middle.of its Breadth ; or elfe compofed of two Semi-Pa- 
rallelopipeds, each of which fhall have one Side hollowed Lengthways, 
fo as to fit and hold a Rocket becween them, as appears in A and B. This 
Parallelopiped fhall be fhut up in the Machine, or (as we may call it in 
Englifo) Square Frame, and prefied'clofe cogether with four Wooden 
Screws, two on each Side, as F and E, to hold them faft, and prevenc 
them from flipping: Then taking the Borer C in the Handle D, you 
fall fec the Head or End of it to your Breaft, and turning it round 
with your Hand, bore your Rockets at pleafure. ‘There is another Way 
of doing chis (namely) by driving your Rockets upon Iron or Copper 
Piercers with hollow Drivers : We have given thefe the very fame Pro- 
portions as we have afligned to the Borers. This kind of Piercer ought 


to be fafhioned as you fee in Fig. 23, where M L is its Length, and Fig. 23. 


G H ite Breadth. I mutt own, I have allotted another Proportion co 
Piercers both as to their Upper and Lower Breadths in Fig. 20, where 
the Breadth O P is + of the Diameter C D, and the Upper Breadth at 
Q_: of che Lower Breadth OP. This I did, becaufe f have obferved 
that feveral Pyrobolt/ts ufe this Proportion; which I can in no wife difap- 
prove of, having never {een the Efe&s of Rockets driven upen fuch fort 
of Piercers. To chis1 thall add, chat Borings are not always made of the 
{ame Bignefs, whether es to Breadth or Height, and I will net affiira, 


that my Obfervations will hold good in all Cafes, particularly wich re- 


gard to thofe, who make it a Practice to drive one Size of Rockets with 
feveral forts of Compofitions ; for you muft confider that the ftronger a 
Compofition is, the ftraiter and fhallower ought the Boring to be, and 
on the contrary, that the weaker and flower it is, the wider and deeper 
muft it be pierced. The Reafon of this may be eafily gathered from 
what we faid in the foregoing Chapter ; for as a ftrong Compofition in- 

Rr. flames 
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flames fooner than a weak one, the Rocket which is filled with too vio- 
lent a Mixture, and has its Orifice too wide, would let in the Fire too 
abundantly, and inftead of departing, would be confumed in an in- 
ftant ; inafmuch as the Fire having too much room in fo capacious a 
Cavity to act in, would in a Moment poffefs itfelf of all the Matter, 
reduce it univerfally to a Flame, and would moft commonly burft the 
Cafe, or elfe after having mounted to a confiderable Height, it would 
at once difperfe and appear like a Flafh of Lightning. Small Rockets 
are in no danger of this, becaufe of the little quantity of Compofition 
they contain; but for Great ones, be particularly cautious to fill them 
with a Compofition proportioned to their Size, and to bore them in pro- 
portion to the Compofition they are filled with; or elfe be affured chat 
your Labour and Expenfe will vanifh in Smoke. Here then (Friendly 


_ Reader) is what former Pyrobolif?s have fo induftrioufly and fo long hid 


from us; which ungrateful and envious Contagion of Secrecy, has 
{pread down to the Profeffors of this 4r¢ in our Days, who are fo far 
tainted by it, as to imagine, they fhould greatly prejudice their Reputa- 
tions and private Interefts, if they communicated any thing they make 
a Secret of, to fuch deferving and curious Perfons as might have a Ge- 
nius for this Science. They either do not confider, or do not know 
what daily Experience teaches us; (namely) that a Thoufand ex- 
tinguifhed Lamps may be lighted at one, which will communicate & 
Flame to them all, without being any way impaired itfelf either by a 
Diminution of its Oil, or the Lofs of one fingle Atom of its Fire. As 
for me,I make no fcruple of publifhing an ingenuous Declaration of what 
ought not to be concealed. I indeed forefee, that thofe Trifers (they 
deferve this Appellation both on the {core of their Ignorance and Mean- 
{piritednefs) thofe ungenerous Souls will hate me with more than a 
+ Vatinian Hatred. But that gives me no manner of Difturbance ; for 
I know that People of any fhare of good Senfe will laugh at their 
Snarls, or take no Notice of them, particularly if they recollect that 
common and true Saying, Principibus placuiffe viris vel maxime fat of. 
Thofe vulgar Wretches are but little Dogs, that bark at us, without 
being able to bite; and if our Labours prove acceptable to our Princes, 

no matter for any thing elfe. 

- But let us have done with this Topic, and proceed farther on in the 
ConftruCtion of Rockets, and fet our Hands in good earneft to the Work. 
eer STD 


{ This Saying is derived from Vasinins, the Name of a Perfon who bore a remarkable Hatred 
ta the famoug Orafor Cicero, 


CHAP. 
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CHAP. VI. 
Of Sky-Rockets shat mount up with their Sticks. 


SORT 1. 


"THE Rocket reprefented in Fig. 48, which we have already fup- Fig. 48. 
pofed to be of 1 Ib, has its Height A B 7 Diameters, in like man- 
ner as is its Mould: But from this Height we mutt firft retrench § a Dia- 
meter for the Neck L M, as the Line BD fhews upon A B. More- 
over for the Binding and the Folds of the Choak to E ; Diameter muft 
be cut off or allowed; and in fhort, for the Binding of the Head, you 
again take from this Height 3 a Diameter, as may be feen in K I and 
AC; therefore the Height of the Compofition and Report will be 5 ¢ 
Diameters, as you fee in E I or C R. Now divide this Height into 
three equal Parts in the Points S and G and fill it, wich a Compofition 
futable to its Size (as we have already cautioned you) from E to G, that 
is, to $ of the Height EI. This done, cover it with a little Cap of 
Paper or Pafteboard G; or what will be much better for great Rockets, 
a round hollowed Wooden Cap, fuch as you fee reprefented in Fig. 43, 
which fhall be firmly glued to the Sides of the Rocket. If your Café be 
made of Paper or Pafteboard, you fhall with a ftrong Cord choak or 
force it into the Hollow in the Curve Surface of this Wooden Cap, 
which Cord may remain to confine it in, as you feeinQ. But if the 
Rocket-Ca/fe be made of Wood, this Cap need not have its Convex Sur- 
. face hollowed, but let it be ey eae and plane; allowing its Thicknefs 
to be 3 of the Diameter of the Rocket. You fhall faften it to the Infide 
of the Cafe with little Nails or Wooden Pegs, which fhall be driven in- 
to it from the Outfide, and then well fecured with Glue. You muft be 
particularly careful in doing this; for I have often feen the Cafes of 
great Rockets remain empty upon the Nails without rifing at all, and. 
the Compofition for want of being powerfully confined at Top, flip up 
through the Cafe, and confume in the Air without performing the Ef- 
fe&t expected. However, {mall Rockets which are choaked at Top are 
not liable to this Accident. There muft be an Hole made through this 
Cap of ; of the Diameter of the Rocket, fevetal of which may be made, 
if upon this Cap you would put Running Rockets, or (as they are ufual-. 
ly called in Englib) Squibs, and other little Decorations, which are 
ufed in artificial Fireworks, which we fhall fpeak of hereafter. Over 
this Cap you fhall fill the Remainder of the Ca/e with good Corn Pow-- 
der, which fhall be prefied down fo gently, as no way to have its Corns 
defaced or cc that they may be able to retain their Vigour. In, 
thort, 
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Fig. 49. 


Of the Great Art of AnritueRy. Boos III. 


fhort, it fhall be bound up clofe at Top, and then bored from E to F, 
to the Height of # of the Length of the Rocket, minus a Diameter of 
its hollow Cylinder (viz.) N O; which being fet off downwards from 
G towards E, gives E F, which is the Height it ought to be bored. 


SORT IL. 


‘Take a Rocket-Ca/e whofe hollow Cylinder is equal in Diameter to a 
Leaden Bullet of 10 Loths or 5 Ounces; let its Height be 4 and : Dia- 
meter, and filled with a futable Compofition to ¢ Diameters, and then 
bored to the Depth of two of the fame: Cover the Compofition with 
a Wooden or Pafteboard Cap, having an Hole through it of {; of the 
abovementioned Diameter, then let the Top be clofed up firmly with a 
ftrong Packthread. The Fafhion of this Rocket may be feen in Fig. 49, 
where it is diftinguifhed by the Letter A. This done, take another 
Cafe, the Diameter of whofe Orifice is equal to that of a Leaden Bullet 
of 24 Loths or 12 Ounces, and let it be 5 Diameters of its Mould; this 
fhall be filled with a proper Compofition, to the Height of 1 $ Diame- 
ter of its Orifice, and artfully bored to 1 + of the fame Diameter, fo . 
that there may remain ! of a Diameter of folid Head. Cover this with 
a Cap as before, and upon that, Corn Powder to the Height of } of a 
Diameter. In fhort, over all this you thall put the Rocket you had be- 
fore prepared, which fhall be firmly pafted to the Infide of this. You 
will fee the Conftruéction of this laft Rocket with the firft in it in the 
fame Figure, diftinguifhed by the Letter B. To conclude ; take the Ca/e 
ef a Third Rocket of 2 if, whofe Height fhall be to its Diameter as 
we prefcribed in the Second Chapter of this Book, and fill ic with a 
futable Compofition to the Height of 2 +; Diameters; you fhall cover 


this with a Wooden Cap, whofe Thicknefs and the Diameter of the 


Hole through the Middle of it fhall be } of the Diameter of the Mou/d; 
and over that, a Report of Corn Powder to the Height of one Diameter 
of the Rocket. This done, take the Rocket B, with the firft Rocket A 
in it, and putting it into the Hollow of this Third, glue or pafte them 
neatly together, and cover them all three with the Conic Head F, 
made either of Wood or Paper. You have the whole Order of this: 
Rocket im the fame Figure, diftinguifhed by the Letter E. 
- Obferve here Firft, that the Necks of the two firft Rockets do not ex- _ 
ei : Diameter. Secondly; that you may take three Larger or three 
Smaller Rockets, and difpofe of them after this manner. But you mutt 
take care, that your two Leffer ones be fhortened in fuch a manner, 
that the Third may not lofe any of ics Height ; and in like manner on 
the contrary, that they be not fo high as never fo little to exceed the 
Third that contains them ; and let them be always fo proportioned, that 
the Firft exactly fills up the Second, and the Second with the Firft in it 


—7 fills up the Third. If it happens that the Necks of your 
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Rockets do not nicely obferve the Proportion I have laid down, it will be 
no great matter, provided that their Diameters are as they ought to be: 
And in this Cafe, the Third Rocket muft be driven with a flower Com- 
pofition than its Size requires. Thus the two Firft will by the Third 
be carried up into the Air, where they pefform their Parts; flying 
from one fide to the other in Oblique Directions; for they cannot 


af{cend perpendicularly, for want of Sticks or a Counterpoife; but we 
fhall couch upon that at the End of this Chapter. 


SORT Iil. 


Take a great Rocket (viz.) of 2, 6, 8, or if you will of 10 or 20 fb; 
and fill ic with a Compofition futable to its Size, and bore it as ufual; 
according to the Method dire¢ted in the firft Sort of Rockets; and after 
having covered it with a Cap, with feveral Holes pierced through it as 
you may fee in A, you fhall falt it over with Meal Powder, mixed 
with an equal Portion of that in Corns. Then fill up thé remaining 
Cavity of the Rocket with fmall Running Rockets, or (as we call them in 
Englifo) Squibs, and leave a Space in thé Middle of them, for a 
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Wooden Cafe or Tube, which you ‘fee reprefented in Figure 64, and Fig. $4. 


which you fhall prepare after the following manner. Take a hollowed 
Cylinder or Tube of Wood, equal in Height to the Space left of the 
Rocket ; or-it may be continued up to the inner Vertex of the Cone that 
crowns your Rocket. Let the Thicknefs of the Wood a b, be } of the 
Diameter a c; and let the Bottom f -g be 5 of the fame Diameter, to 
which may be faftened a Leaden Bullet by way of Counterpoife. This 
Tube or Cafe fhall be filled thus: Firft, pour in Cori Powder to the 
Height of + a Diameter, and upon that 4 Light Ball, the Conftruction 
of which I fhall teach you in the Third Chapter of the next Book; 
over this Ball put flow Compofition; upon this, Corn Powder again in 
the fame Proportion as before, and upon that another Light Ball ; then 
flow Compofition; and in this Order you muft proceed till your Cafe 
or Tube is filled up. We fhall treat of flow Compofitions hereafter; and 
in our Book of the feveral Pyrotechnical Machines, we will enlarge 
upon what relates to this fame Cafe. The whole being difpofed 
after this manner, and the Tube filled as we have direéted, well re-in- 
forced with good Iron Wire, or ftrong glued Packthread, for fear the 
Powder thould fplit .it, it. fhall be fixed in the Middle of the Sguibs 
with its Mouth downwards upon the Meal and Corn Powder abovemen- 


tioned. The whole being thus compleated, fhalt be clofed at Top with 


a Wooden or Paper Head, accotding as the Rocket-Ca/e is made of ei- 
ther the one or the other of them. You have a full and particular Rée- 
prefentation of this in Fig. 50. | 


Sf SORT 


Fig. say 
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This kind of Sky-Rocket differs but little from the foregoing, except 
that inftead of {mall Rockets or Squibs.in the empty Space above the 
Compofition, you put either Sparks or Stars (which we fhall teach you 
to make in the Third Chapter of the following Book) interfperfed with 
Mealand Corn Powder: As for any thing elfe relating to it, you are to 
proceed in the fame manner we did with the Firft. See the Reprefen- 
tation of this in Fig. 51. 


SORT V. 

You fhall take a Rocket of a any Size you will, and fill it with a proper 
Compofition to 2 % Diameters of its Orifice or hollow Cylinder ; and 
cover it with a Wooden Cap, whofe Thicknefs is ¢ of the fame Diame- 
ter; and over that, Corn Powder to the Height of ¢ of a Diameter ; and 


upon that, Compofition to + of a Diameter: This muft be covered 
with a Cap, and that again, with Corn Powder as before ; and upon that, 


| Compofition as before, and fo on till the Rocket is quite filled. This 


done, it fhall be tied clofe and firm at Top, . and bored to the Depth of 
2 4 Diameters. Fig. 52.fhews you the whole Order of this. 


SORT VL 
‘You hall, firft take a Rocket, and fill it according to the common 


Rule and Order, and bore it as we did the Rocket of the F irft Sort. This 
done,. prepare certain Boxes or Cafes of dry light Wood, the fame as 


Fig. $3. You fee reprefented 3 in Fig. B, under Fig. 53, or elfe firm Paper. Cafes 


ike thofe of Rockets, choaked clofe at Bottom. ‘Then with hot Glue 
ftick ‘as many | as you pleafe of them, to the exterior Surface of the 
Rocket as you fee in C, minding to place them in a Spiral Direction, and 
tye them faft with good Packthread as you fee i in the Letter D. Into 
each of thefe Boxes put a Running Rocket, filled with Meal Powder, and 


opened at the Choak, through which and the Boxes, the Fire may be 


conveyed froma the great Rocket, The great Rocket might ferve for a Petard 


or Cracker filled with Corn Powder, but inftead of that, you may ufe 
Tron Crackers, whofe upper Part thall_ be. filled with fine Powder, and 


the lower Part with Rocket Compofition. The Letter A fhews you one 
of the abovementioned Boxes, with the Running Rocket m it, to render 


‘the thing more eafy to your Apprehenfion. 


SORT 
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SORT VIL 


Fill 2 Rocket with 4 reafonable Cornpofition, to the Height of 2 Dia- 
meters of its Orifice; and bore the faid Compofition to the Depth of 
one Diameter, and to the Breadth of ¢ Diameter. Cover this Boring 
with a piece of Paper only, to prevent its being filled up whilft you 
drive the reft of the Rocket; this Order you are to obferve till your 
Rocket is quite filled; (namely) by always putting in 2 Diameters of 
Compofition and boring one. See Fig. 55. | 


SORT VIII. 


You muft here obferve the feveral Circumftances relating to the Firft, 
Fourth, and Sixth Sorts, as well in filling this Rocket, as in boring it. Sup- 
pofe then, that you have a Rocket prepared as it ought to be: You fhall 
- flick round the Outfide of it, as many Paper Crackers as you fhall think 
fit, (fuch as you fee diftinguifhed by A) and at fuch Diftances as you 
fhall think molt proper. Then prime both them and the Rocket wa 
Meal Powder. Fig. 56 plainly illuftrates this. 


S ORT IX. 

This Ninth Sort of Recker thall be prepared after the following Or- 
der: You fhall firft fill che Rocket with a futable Compofition to the 
Height of 2 3 Diameters; which fhall be covered with a Wooden Cap, 
having an Hole through the Middle of it: And over the-Cap you fhall 
put a Layer of Corn Piwder to the Height of § of the Diameter of its 
Orifice ; upon which fhall be a Layer of Compoftion to the Height of 
3 of the fame Diametér. ‘Then taking a ftrong Cord, choak the 
Rocket clofe above the Compofition, leaving only a {mall Hole of Come 
munication in the Middle of ft. ‘This done, you fhall put in Compof- 
tion afreth to the Height of %, and upon the faid Compofition Corr 
Poiwder to the Height of 3 In fhort, upon this Powder you fhall pur 


Comipofition to the fame Height as before, and choak it again a fecond 
time. In this Order you fhall proceed till the Rocket is filled up. This 
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ig. $$o 


Fig. 56. 


‘will appear obvious to you in Fig. 67. | Fig. $7. 


SORT X. 


This Rocket has nothing particular i in it, to make it very differenr 
‘from the teit; for, firft, it is filled and bored after the fame manner 
with thofe of ane Firft, Fourth,. and Sixth Sorts. "There is only . an 
Addition to it of a Report, and upon that, a longifh hollow piece of 
‘Wood ‘in a Spherical Form, ‘fill’d with an Aquatic’Compofition, (by 

Aquatic 
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Fig. 59. 


Fig. 60. 


Of the Great Art of ArrittERy. Book IIL. 


Aquatic, I mean fuch Compofitions as are contrived to burn upon or in 
the Water, which I fhall give you in the following Book) or any other 
ftrong Mixture. You mutt fire this Rocket at the Head before you fire 
it at the Orifice of the Choak, becaufe the upper Compofition has no 
Communication with the lower Part of the Rocket. Being then moved 
off, and having taken its Flight into the Air, you will fee two Sorts of 
Fire (namely ) that of the Rocket darting its Rays downwards, and the 
other iffuing from the Head, and fpreading abroad in the Air like a 
great Fire Rain. This is clearly explained to you in Fig. 58. 


SORT XL 


Take 7 {mall Rotkets of 2, 3, 4, or more Ounces, filled with a com- 
mon Compofition, and bored as ufual: Bind them up together in a 
round tight Bundle, and wrap them about with ftrong Paper or Pafte- 
board, and head them with a large Cone of the fame, as you fee in A. 
You mutt not forget to ftick them (I am juft going to inftruc& you in the 
Rules relating to shat) in fuch a manner, that the upper End of the 
Stick-may come under the great Paper Cafe that encompaffes the 
Rockets. Fig. 59 will fully inftru& you as to this. 

Obferve here that the feveral Sorts of Rockets I have been now treat- 
ing of, require to have Sticks faftened to them, to ferve them as a 
Counterpoife, and to affift them in their right Afcent. They are ufual- 
ly made of light dry Wood, fuch as Pine, Fir, and Lime-Tree. Their 
Length muft be to that of the Rocket in a Septuple, or at moft an Odtu- 
ple Proportion ; that is, they are commonly 7 or 8 times as long as the 


Rocket. They ought to be of a tolerable Thicknefs at the End to 


which the Rocket is tied, and from thence down to the lower End go 
gradually tapering toa Point. The neceflity there is for them, is not fo 
much on the fcore of their Figure, as on account of their extreme 
Equality as to Weight; or the nice Equilibrium which muft be ob- 
ferved in fitting them to the feveral Weights of Rockets. Now you will 
find it no great difficulty to adjuft them exaétly, if you put the Szic& at 
two Finger’s Breadth from the Neck of the Rocket upon the Edge of a 
Knife, or upon your Finger, and if in that Situation ‘both Ends are in 
fEjquilibrio, you are right; that is, the End to which the Rocket is fa- 
ftened and the other muft be-exactly parallel to the Horizon, without 
inclining or wavering to one Side or the other. But if your Stick End 
happens to overbalance, you muft pare and diminifh ic till ir comes to 
an Aquilibrium with the Rocket End. You havea Rocket with its Stick 
plainly and curioufly reprefented in Fig. 60. Brechtelius teaches us a 
Method (which is eafy enough) to find out the proper Length.of thefe 
Sticks in Chap. IX. of the Second Part of his Pyrotechnics, as follows: 
Add one to the Number of Fingers that conftitute the Length of your 
Rockef, and multiply the Produé by the Length of the Rocket, and you 

will 
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will have the due Length of its Stick: For Example ; if the Rocket is 
8 Fingers in Length, add 1 to them, and you will have 9; which Num- 
ber multiplied by 8, which is the Length or Height of the Rocket, will 
vive 72. You fhall then tye a Stick of fo many Fingers in Length to 
your Rocket. 


CHAP. VIL 
o ky Rocks that mount up without Sticks. 


SORTL | 


AKE a fimall Rocket of 8, 10, 16, or 18 Loths, filled and bored ag 
ufual, and fix four {mall Wings to it after the manner of the Fea- 


—16r 


thers of an Arrow: (Letter A in Fig. 61 will explain what I mean.) Fig. 6t. 


Thefe Wings muft be made of light Wood, fuch as Lime-tree, or elfe of 
Pafteboard, and mutt, be placed crofg-wife. Their Length fhall be } of 
‘the Length of the Rocket, and their Breadth at Bottam fhall be ¢ of the 
fame Length; their Thicknefs may be left to your own - Difcretion : 
Neverthelefs if you would have #f in fome Jon proportionable to their 
Length and Breadth, it fhall be of $ or é of the Diameter of the 
Rocket. 


In Fig. 63 — given you the Reprefentation of a litde Contrivance Fig. 63. 


compofed of 4 Rods, a Bottom, Arid an Haridle beneath, upon which 
you may fet this fort of Rockets when you fire them. It needs rio far- 
ther Explanation, fince it.may be readily underftodd by the Figure it- 
felf. In the Middle of the Bottom-Piece, in which the aforemen- 
tioned Rods are fixed, is a little Cavity or Chamber, that has Commu- 
nication with a little Channel ; the which as well as the Chamber itfelf 
muft be filled with Meal Powder, when you would fire — Rocket, 


 goRT IL 


This kind of Rocket differs but little from the former, except that its 
Wings are otherwife contrived; for upon this you have but three only, 
of the fame Thicknefs with the others, but pretty different from them 
in Height and Breadth;. for the Length of thefe is equal to the whole 
Length of the Rocket to which they belong, and are fixed upon it'in 


fuch a manner, that the Lower Extremities of them defcend one Dia- 


meter below the Neck of the Rocket, and confequently their ‘Upper Ex- 
tremities muft fall an equal Portion fhort of the Head of it. Their 


Breadth fhall be a Semi-Diameter of the Orifice or hollow Cylinder of | 


the Rocket, as you may fee bya, b. bam may, if you pleafe, fire this 
Tt kind 
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| kind of Rockets upon the Contrivanee above defcribed, in order co make 
Fig. 62. them fly up with the greater Convoniiency. See Fig. 62. 

 -$ORT it | 

Having made a Rocket of what Size you pleafe according to the ordix 

ary Method, you thall to the Neck of it faften a piece of Iron Wyre, 

~ swith an Iron Bullet g¢ the End of it, of the fame Calibre with the 

Rocket: This Wyre fhalt be turned in a Spiral like a Screw, and thall 

be as near as poffible of fuch a Length, ghat in ¢afe ic happens to widen 

or ftretch a little, the Bullet may notwithftanding be in Equilibrio 

| with the Rocket, in the fame manner as we juft now faid of Wooden 

Fig. 64. Sticks, Fig. 64 will give you a perfect Idea of this, 
SORT YW. 

_, After you have prepared a Rocket as you have been fully directed, and 

that you have covered the Compoftion in it with Corn Powder to the 

Height of one Diameter, filf up the remaining Vacancy with Rafpings 

or Filings of Lead; obferving that the Quantity of it be fuch, as to be 


Fig. 6s. twice the Weight of the Rockes-Caft it belongs to. Confult Fig. 69, 
which will fer you right. , 


CHAP. VIIL 


Of Water-Rockets, or fuch as Buen cad Swim upon the 
| Water. : | | 


SORT I. 


OU thall fill a Rocket of 2 or 3 Loths with a futable Compoftion, 
to the Height that we ufually filt common Rockets; and fixing a 
Cap upon the Compoftion with a Report of Corn Powder above it, it 
-fhall be bored throughout the whole Height of the Compoftion. This 
done, prepare a Paper Cylinder, with two fmalt Wooden or Pafteboard 
Heads or Bafes, having a Hole bored through the Center of each. The 
Height of this Cylinder fhalt be equal to but half of the Rocket, and 
the Hole thrqugh the Center of each Head thal? be made to fie che 
Rocket exa@ly. In fhort, being nicely fitted, and thruft through che 
Hole. in the Center of each Head of the Cytinder, throw if into a 
quangity of'melted, Wax or Pitch ; after which the Rocket may ke fired, 
Fig. 66. and thrown into the Water. Sce Fig. 66. | 


SORTS 
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SORTS 4H, and I. 


” Thefe Sorts differ very licdle from the fofegoing, whchet in 1 Size, ot 

the manner of filling and boring then, or any thing elf relating 

their Conftruftion. And che only difference between thefe two, is, that 

the Firft (uiz. Fiz. 67) ought to be thut up mw the Neck in a Paper Fig. 67. 
Cone, whofe Fertex, (as you feo in the Figure) or Bek, no matter 
which, is made faft to the Neck of the Racket. 'The Second (vurz) 
Fig. 68 is put into a Bladder falt of Winds which muft not be dipped Fig. 68. 
in melted Wax or Pitch like other Water-Rockets, but only dawbed over 

with a Liniment, made of four Parts of Linfeed Oil, #wo Parts of Bole 
Armoniac, one Part of Plume Allum, and ba/f a Part of Athes. 


SORT fv. 


The Rocket which you fee reprefented in Fay. 69, muft be prepared Fig. 69. 
after the fame manner we ordered with regard ‘to the Ninth Sort of | 
Sky-Rockets in Chap. VI. of this Book, excepting that it muft not ‘be 
bored, and that the Orifice of its Choak is very fmalt, ~which it has-in_ 
common with other Water-Rockets ; this is not defigned to move up-- 
on the Surface of Water, but to burr in ane ‘particular Place ; and for 
this Reafon there is a Weight tied to the Bottom of it at A. This alfo 
mutt be plinged in metted Wax or Pitch, as weit ac-all the following. 


SORT V. 


Fig. 70 represents a Rocket which i¢ prepared aker che fame mantet Fig. jo. 
with the Third Sort of Shy-Recket in Chap. VI, only with this difference, 
that its Compoftion is feparated by a folid Cap G from certain Spacks and 
Stars intermixed. with Maa and Corn Powder. ‘To. thie alfo belongs a 
little Iron or Wooden Tube diftinguithed by Bs Aad from. each ya 
this Tube, there goes another fmatler Tube (ww.) C'D and F EB; all 
three of which heve a Communication with one amether, and lisewife 
with the Compofition, and the Stars, &c. aforefaid. The Fire, ag foon 
as ever the Compofition is burn’d down to the Cap, is conveyed through 
the aforementioned Tubes to the Head of the Rockét, where accending 
the Meal and Corn Powder, the Stars, (and whatever elfe might have 
been in it,) are blown up into-the Air, Its voanaeal naan may alfo be 
feen in Letter A. | 


SORT VE 


In Fig. 7t you have a Rocket that is poi hike: the Sixth Sore of Figs 7% 
Sky-Rockets which we defcribed in Chap. VI; for here the great Boxes 
| | | or 
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Fig. 72. 


Fig. 73. 


fer. 


of the Compojfition contained in the.other Part of the Cafe. This done, 
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or Cafes diftinguifhed by E, and the Rockets cont@ined in them by B; 
and the others of fmaller Size, pointed out by D, and the leffer Rockets 
in them by C; ftick alfo to the great Rocket A; which communicates 
Fire through the little Tubes H, inté the’Boxes on each Side of ‘it; 
which enkindling the Powder under the Rockets contained in them, 
blows them up into the Air to perform their Parts, This kind of Rocket, 


together with the Boxes or Cafes on ‘each Side of it, muft be wrapped 


about with ftrong Paper, as may: be feen in G, and then thrown into 
melted Wax: Not mutt you forget.to add a Counterpoife under it, that 
ic may burn upright, ‘and float at ale an equal Height above the Wa- 


‘SORT ‘VIL 


The Rocket wtih: you have in Fig. 72, has nothing farther in the 
Preparation of it, than what J directed with regard to the Fourth Sort 
of Rockets in the foregoing Chapter ; and all the difference between them, 
is, that this is not to be bored, as I have already obferved ; befides its be- 
ing coated with Wax or Pitch, and burning in oo Water, 


| Cc H A P. Ix. 
Of Rockets that run upon Lines or Ropes. 


SORT IL 


TYE two Iron Rings or a Wooden Tube to a Rocket filled with a 

certain quantity of Ounces of a futable Compoftion, and bored 
as it ought to be: Then reave through the Rings, or Tube, the Line 
which’ you would haye your Rocket torun upon.. This is of the moft 
fimple kind ;- for being arrived’ at the Place, which the Duration of its 
combuttible Matter will allow it to reach, it there ftops. The follow- 


ing will be much more artificial. You have a Reprefentation of this in 


Fg. 73. 


SORT Il. 


Fill any particular Rocket, whofe Orifice may be equal to that of the 
foregoing (but much longer) to the Height of 4 Diameters, and bore it 
to the Depth of 3 4. Then upon this Compoftion put a Cap or a little 
Wooden Partition which muft have no Hole through it, and may be 
glued to the Infide of the Rocket, or any other way well fecured, to 
prevent the Fire, when it is arrived at that Length, from catching hold 


you 
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you muft charge the Remainder of the Rocket to the fame Height as 
before ; namely to 4 Diameters ; 3 3} of which muft be bored. You 
muft then choak the Rocket at Top, and make a little Receptacle for the 
Priming as at the other End; or elfe fit a round piece of Wood to it 
with an Hole through the Middle of it, as may be feen in A, which 
muft be covered with a little Cap, a8 you will fee diitinguifhed by the 
fatne Letter. To this you muft add on one Side a Tube made of a ve- 
ty thin Iron Plate, which’ muft be-filléd with Meal Powder. Bore an 
Hole through the Side of the Rocket near the Partitiori in the Middle, 
and fill it with Meal Powder; which is done, the more readily to con- 
vey the Fire’ through the Tube, to the other Receptacle where it lights 
the Rocket at the other End, and confequently obliges it to return back 
to the Place from whence it came. The upper Part which holds the 
Priming muft be covered with Paper, as well as the fmall Tube that con- 
veys the Fire from one End of the Rocket to the other. This fhall alfo 
have a Wooden Tube, or two little Iron Rings to run upon along the 
Line. You will have the more Diverfion if you tye {mall Paper Crackers 
all round it. The Contrivance of this Rocket is very pretty. You have 


165 


a ee of i it in Fig. 74. | . Fig. 74. 


SORTS If and IV. 


. Také two Rockets of equal Length, conftruéted Menthe to the Me- 
thod we have already laid down, and let them be bound together with 
ftrong Packthread, and'let the Head of the one be even with the Choak 
of the other, and fo on alternately; to the end chat the Fitft of them 
being burhed out to the very End, it may catch hold of the other, and 
oblige them both to return back again. The extremity by which you 
intend the firft thall fire:the other, (that is the Neck of the one and the 
Head of the other) fhall be capped with Paper, or any thing elfe, as you 


fee in Fig. A,. minding.to fill the Vacancy of the Cap with flow Compo- 
ftion. In fhort, you muft add a Tube to-them,.to run upon. See 
Fi ig. Zz 


them reprefented by Fig. 75 and 76, by which you will obferve a diffe- 
rence between them; the latter having a piece of Wood hollowed on 


' each Side to receive them both, and keep them at a little diftance 


from one another, in Confideration that if by chance the Firft fhould 
burft, the other may receive no damage from it. 

- Obferve here that thefe Rockets commonly ferve to fire feveral Py. 
roholical Machines which -are wfed: upon Rejeicing Occafions. Some- 
times alfo they are difguifed under the Form of divers Animals, whe- 
ther Fictitious or Real, fuch as, Flying Dragons, Doves, and other things 
which you would contrive to vaule and run up and down, which we 
fhall treat of. in our Book of Pyrobolical Machinery, 


and 


In Fig. 77, 78 and 79, you have ‘three Contrivanees for hanging a be 3 


oo when they are to be fired. 
Uu | mie 


77) 
79 
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CHAP. X. 


Of she feveral Defects of Rackets, How to avoid them: To- 
gether with what ought be obferved s the right Conftructi- 
on of them. 


TH E Fi? and moft remarkable Vice in Reckets, is, when after be- 


ing fired, and mounted to the Height of 2 or 3 Perches, they break 


and difperfe without performing their proper Effects. 

The Secand, which is not much better than the Firft, is when they 
remain {yfpended upon the Nails, wafting flawly away without moving 
off or rifing at all. 

The Tbird is, when in theirs Afcent they form an Arch, or defcribing 
a Semj-Circle, return down again tq the Ground before all their Com- 
pofition is burn’d out. | 7 

The Fourth is, when they mount in a Spiral Line, winding up in- 
to the Air, without obferving an uniform, regular and right Motion as 
they ought. 3 ) 

The Fifth is, when they move up heavily and lazily, as if they re- 
fufed or {corned to take their Flight. 

The Sixth is, when the Cafes hang empty upon the Nails, and the 
Compofition rifes and difperfes in the Air. 

There is ft a greater Number of vexatious Accidents, which may 
fruftrate the Hopes, the Labour, and the Expence of the Pyrobelif; and 
which would be tog tedious for me here to enumerate. It will be fuffi- 
cient if you keep. an Eye upon thefe, which are the moft to be feared 


and provided againft ; and in ordex to aveid and sectifie them, pleafe to 


obférve, the. following Rules. — 


Infalible Rules for the confirutting of Rockets, without 
) any Defect. 


. Your Rockets fhall have their Heights, proportioned to their Ori- 
fices or hollow Cylinders, after the manner we have fo often re- 
peated. 

2. Whether your Cafés be made ef Paper, or Wood, they fhall be 


neither too thick nor too thin, 


3. They thall be made of Paper which is. moderately, dry, acady 


rowled, and perfectly tight to the. Rawler. 


4. Their 
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4, Their Necks fhall be well and firmly choaked ; fo chat neithet the 
Knots of the Cord or Packthread, nor the Folds of the Choak, may di- 
late or give way ; and therefore they fhall be reinforced with Glue. 

5. All the Ingredsents that enter into the Compofition, being exactly 
weighed in Proportion to the Orifice or Size of the Rocket you intend 
to make; fhall be firft mealed and pafied through a Searce feperately : 
Then weighing them again, they (hall be well incorporated together in 
one Mafs, and mealed a fecond time, and paffed through a fine Searce ag 
before. 

6. The Saltpeter nid Sulpbur thall be purified and mealed as fine as 
poffible: The Coa/ fhall be perfectly well burn’d free from Moifture, 
and made of fome light foft Wood, fuch as Lime-Tree, Hazel, and 
Branches of Willow: And on the contrary be cautious not to make it of 
Birch, Oak, Maple and Service-Tree ; becaufe they are naturally im- 
pregnated with a great deal of grofs Earthy Matter. 

7. Your Compoftion fhall be prepared juft before you want it. | 

8. It thall be neither too moift nor too dry; but {prinkled over with a 
little of fome Oily Humour, or a little Brandy. 

9. When you drive your Rockets, be always mindful to put equat 
Quantities of Compofition into your Ca/es at a time. 

10. The Strokes of your Mallet thall fall in a ee Direction 
upon the Driver. 


11. Your Rockets muft be driven with Mallets a proportionable 
Weight to their Size; with an uniform Succeffion, and an equal Num-. 


ber of Strokes every time you pour any Compofition into the Ca/és, 
12. In Paper Cafes you fhall cover your Compofiteon with Wooden 


Caps, with an hollow Convex or Curve Surface ; but for Wooden Ca- 
fes their Convexity fhall be plain, that they may be the more firmly fe- 


cured in the Rocket. 


13. Your Rockets fhall be bored with a futable Borer, or Taper-bit, 


fo that their hollow Cones may be neither too Wide, nor too Natrow, 
too Long, nor too Short. 

14. The Cavity or hotlow Cone thall be as Upright and Perpendiculat 
as poffible, and exaétly in the Middle of the Compoftion ; fo as not in the 
leaft to lean to the one Side ox the other. 

15. You fhall not bore your Rockets till jaft before you ufe them, and 
when they are bored they fall be tenderly handled, with the ends of 
your Fingers only, for fear of difordering their Form. 


16, Their Sticks or Rods thall be nicely proportioned to chem, both 


as to. Length and Weight, according to the Rule and Method above gi- 
-ven. ‘They. fhalt neither be bene nor crooked, uneven nor knotty ; bir 


as {trait and. as fmoosh as poffible ; and if need be, they may be planed. 
t7. Your Rockets being filled and compleated, take care how you put 
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them into too dry or too damp a Place; for beth the one and che other 


may fpoil them; therefore chufe fame tomperace Place, ; 
| | 18, When 
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-18. When you would fire them, they muft be fufpended upon Nails, 
perpendicular to the Horizon. 

19. You fhall not oblige them to move off with Burthens difpropor- 
tionate to their Strength ; and though you are fo exact as to load them 
with futable Weights, the whole muft be adjufted with regard td 
Form, fo as that it fhall with the moft Eafe cleave the Air, and rife with 
the leaft Oppofition; fo that their Burthens may in no refpet retard 
their Rifing, which is a Motion the moft unnatural and difficult to any 


‘Body. And this you are to obferve the more nicely, the larger your 


Rockets are; ‘which muft’retain in géneral (as much-as poffible) a Pyra- 
midical or Conic Figure, as being the beft adapted of any Shape what- 
foever to pierce the Air, and to meet with the leaft Refiftance from 
that Element. Tho’ I muft obferve that a Spherical Form is the moft- 
convenient for a Body, which’ is to turn, rowl, and vault in the Air, 
becaufe of the Equality of its Surface. 

20. You.fhall avoid as much as poffible all Rainy, Damp, Mifty, and 
Foggy Nights; as alfo.thofe which are Tempeftuous or Squally. 

21. The different Effe€ts produced by feveral Rockets, filled with one 
and the fame Compojition; muft not be attributed to any other Caufe, 
than their not having been treated with equal Diligence in every refpect ; 
whether in the Driving or Boring of them, and in many other Articles 
which ought to be ftrictly obferved. Or elfe to their having been laid: 
up-in Places af ‘different Degrees of Damphefs ; and having thereupon 
contracted different Degrees of Moifture, their Flight and ae 
will be various. 

_ 22. If you would have them make an Appearance in the Air like 
Fire Rain, or like a Cloud of Fiery Sparks, or like long and broad Rays' 
darting downwards: You muft mix your Compoftions with a little of Glafs _ 
coarfely powdered, of Filings of Iron, or Sawduft of Wood. You may: 
alfo contrive fo as to have the Fires iffuing frm your Rockets of. divers 
Colours. As for Example ; ; if you mix a. certain Quantity of Camphire’ 
in your Compof: ticn, it will yield a White, Pale, or Milky-Colour Fire.. 
If you-mix a little Greek Pitch in ‘it, ‘it will produce a Reddifh Copper- 
Colour Flame. If Sulphur, you'will have a Blue Fire. If ‘Sal Armo- 
niac, it will be Greenifh. If Crude Antimony, the Flame will be of a: 
fad Yellow, or of an Horiey or Box-Colour. If the Scrapings of Ivory, 
it will be of a bright Silver-Colour, inclining a little to the Livid or’ 
Lead-Colour. If the Rafpings of Yellow Amber, it will appear the- 
fame, but inclining to the Citronifh, In fhort, if you mix your Compo- 

fition with common Pitch, your Rocket will caft forth an obfcure gloomy 
Fire, or rather a black thick Smoke which will darken all the Air. The 
Sieur de la Porte (f{ometimes called Baptifia Porta) tells us in his Natu- 
ral Megic, Book VII, and Chap. VII, that the Loadftone being buried 
under Burning Coals, commonly. emits a Flame that is of a Blueith, 
Sulphurine, or Iron Colour. Whofoever doubts this, may make the 


Expe- 


oe: iy ee 


ene eat ot SY = 


- eee Ee 


Cee ee es 


2 
ot og 
. | 
-» 
~ : 
ae = 
- 6 z 
oo ig 1 
ee a 
a 
za i 
rhe | 


| 


Boox II. Of the Great Art of Anrtuurry. 


Experiment by fcraping a little of it into Rocket Compofition, and fee 
whether it be as he fays or not: But however let him do it with 
Moderation and fparingly, for fear left a difproportionate Quantity 
of it fhould deceive him in fome degree or other. But I think, 
I have now faid enough concerning Rockets; and I fear, I begin to 
grow tirefome to the Reader, and that I fhall ftrain his Sight too 
much, if I keep him any longer looking up to the Sky. And in- 
deed, I apprehend that I have left nothing unfaid that may be of Ufe to 
the diligent and expert Pyrodoi:/?, and that I have fully warned him, as 
to what he ought to embrace or fly ; what he is to follow or avoid. But 
before I conclude this Book, I muft obferve that it is impoffible to meet 
with any Artift fo perfect, but that he may err fometimes in fome tri- 


vial Point, where fuch a multiplicity of Circumftances muft be kept in. 


Mind; therefore we ought not to pafs any Judgment upon a Pyrodoli/t, 


nor infer any thing to his Advantage or Difadvantage, from his good or 


bad Succefs in the Conftruction of Rockets. It would be endlefs to enu- 
merate how many different Accidents may happen in carrying on fuch 


~ ticklith Works (though at firft Sight they appear no other than Childifh 


_Amufements) or even to tell of what Confequence an almoft incompre- 
henfible number of Particulars may be, which Argus himfelf with all 


the Eyes beftowed on him by Fabulous Antiquity (in Allufion to his 


great Sagacity and Watchfulnefs) would not be able to keep continual 
Sight of; much lefs avoid falling into fome little Miftakes, and confe- 
quently would be far from. providing againft them all in general. There- 


fore all that can be done in this Cafe, is to take the Advice of good 


Matters, and to confult able Pyrotechnicians, who often lay their Hands 


to the Work; for I muft own and declare, that I make no Account of. 


certain Perfons who having no Knowledge in the Praétical Part, yet ar- 
rogantly take upon them right or wrong to cenfure the Performances of 
thofe who are incomparably more knowing than themfelves, with an 


envious Defign of wounding their Reputation, or blafting their Ho-_ 


nour, or to inftil a mean Opinion of them into thofe who are fome- 
times the moft-interefted in the Lofs or Confervation of the Perfons 
fo decried. But what can we fay to thefe malicious Cenfors that 
may affront them lefs than that Old Saying: Ne Sutor ultra Crepidam, 
Let not the Shoemaker judge beyond bis Laff. Now the whole Excellence, 
or univerfal Knowledge of Pyrotechnics doth not confift in the Con- 
ftruction of Rockets, which is but the leaft Part of that great and noble 
“rt; and accordingly we find that they are never employed but upon 
Tumultuous Rejoicings, on the fcore of Victories obtained, Towns fur- 
rendered, or Sieges raifed ; or fometimes at the Celebration of Mar- 
riages, or at Solemn F eftivals to divert the Guefts; and in fhort, at 
public Bonfires exhibited to pleafe the People only. Therefore we muft 
not peremptorily conclude any Man to be well skilled in our rt that 
has a Knack at making Rockets ; for we find but too many who will 
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inake a Rocket welt enough ; but if you would go any farther with 
them, they will ask Pardon, and defire to be excufed. In tnvth, it 
would be an arrant Shame, chat fach Fellows fhould affumre the fine Ti- 
tle of Pyrotechnicians; for with equat juftice might 2 Mountebenk, a 
Coutitry Barber, or a Farrier boaft of being 2 learned Doétor of Phy/ic. 
This then is not the utmoft Point of Perfection in oar Art, and we 
mutt believe chat there is #ill fomething of a more exalted Nature, that 
properly and pofitively confticutes the true Pyrobolif, who may juttly 
bear the Authentic Denomination of Mofter. All our Inventions, and 
Fire Machines, together with that variety of PraGtice which will be ex- 
pofed' to your View in the Sequel of this Work, will give you a juft Idea 


of the Perfect Pyrotechnician, I fay then, again and again, for feveral 


Reafons, that it is impoffible to deduce any Confequence to the Difad- 
vantage of rhe other Parts of this Great Art, from the regular or irre- - 
gular Afcent of Sty-Rockets ; as was practifed by the Magicrans of old, 
who drew Conjectures with regard to Human Events from the Flighe 
of Birds; and confequently that we ought not rafhly (as I have already 
intimated) to condemn thofe, who happen ever to be unfuccefsful in the 
Conftruétion of Rockets. What I have here faid is grounded upon fuffi- 
cient Reafons, and is a real Fact; for [knew in my Time a Maffer of 
the Ordnance to a great Prince ( whofe Name F fhall forbear here, tho’ 
hé has never {pared mine) who thought there could be none more able in 
the Pyrobolic Art, than chofe who were well skilled in making Rockets ; 
and accordingly not contented with careffing them and receiving they 
with open Arms, and admitting them into the Service of his Prince, 
and placing them in the Rank of Pyrodvli/ts; he by alt his Endeavours 
fixed them deeply in the Favour of his Mafter, and continually repre~ 
fented to him, the Necefficry chere was, for that incomperable Know- 
ledge they had in their 4rt, But he has fince then perhaps been 
convinced (if he would be convinced; tho’ at the Public Expence, 
and not at his own) that Rockers are in reality no other than Amufe- 
ments; Inventions more properly calculated for the Diverfion of People 
who would fpend their Lives in Debauchery and Diffolutenefs, than 
the true Thunder of War. And indeed he found by Experience char 
they were not even fufficient to fhake the Enemy, much lefs to 
them into Diforder ; and that thofe whom he had, with fo much Care, 
taught to make Rockets, were not only incapable of managing any War- 
like Machine with Skill and Judgment, at a Time when they were to 
tear the Enemy to Pieces ; but alfo unworthy of the Title which he had 
too readily and liberally beftowed on them. As for himfelf, the Stery 
fays that not being able, or not daring to be prefent on the Spot, he was 
at a Place 40 Miles from thence whilft the Fragedy was ating; and was 
afterwards found in a fhug Corner out of all Danger, and meditating 
this fine Saying in his Heart: Beatus qui procul Negotiis, Happy the 
Man who is out of Harms-way, 

Buc 
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~ Bue God give him Grace to amend himfelf; fo that laying afide (f — 
' Shame does noc prevent him) the Title and Office of Maiter, he may 
humble hinrvfelf, and fubmit to the Ferula of good and expert Profeffara 
in our Art, and under them ferve a commendable Apprentifhip ; re- 
ceiving their Counfel no longer as unpertinent or troublefome Correcti+ 
ons, but as ufeful Inftructions towards the regaining of his Reputation, 
and the re-eftablifhing his Honour. As for thofe worthy Gentlemen his 
Difciples, who once embraced his Inftructions with fuch Warmth, and 
looked upon whatever he faid as pure Oracles ; § beg of them to know 
theméelves at laft, and renouncing their falfe-Doétrine, to think of pur- 
fuing more rational Schemes for the future, towards the Advancement 
of their Fortunes. But as it is impoffible to recall what is paft, and 
fince it is Sending for the Phyfician after the Man w dead, w fay any 
thing more about this matter; I fhall only add thag I believe this eete- 
brated Doétor would pretty well cure his own particular Infirmity, and 
apply a Remedy to the Damage he has done to fo many deferving Per- 
fons, if he for the future would continually keep in his Heatt afd if 
his Mouth thefe Words of the Prince of Orators: Tibi femitam non fa- 
pis & attert monfiras vier, Tho thyfelf art blind, and. yet-wouldeft guide 
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PART the FIRST. 


BOOK IV. 


Of Fire Guioses or BALLs. 


YP HE Word Globe is of a more extenfive Significa- 
tion, and what we mean by it is much more va- 
4/8 ‘rious as to Form in Pyrotechnics than in Geometry ; 
S28 for you muft not here think that Globes or Balls are 
perfectly Round Bodies, and contained under one Sur- 
face, according to Euchd’s Definition of the Globe 
and Sphere Book XI. Defin. XIV: but that we in ge- 
neral underftand by it, feveral Bodies of various Kinds of Figure, all di- 
ftin@& and different from one another. For firft, there are thofe which 
are perfectly Round, fome of which are Solid and others Hollow ; of the 
former are all Cannon and Mu/quet Balls, &c. and of the latter are Gre- 
nado’s and Bombs, &c. which are feveral ways filled according to the Rules 
of Pyroboly. There are again Balls made in the Fafhion of an Egg; others 
of a Spheroid ; fome in Form of a Citron or Pear, or a Cylinder, and in 
feveral other Shapes which the Workman may give them. Befides thefe 
of fimple Kinds of Figure, there are others compounded, that is, that 
partake of feveral forts of Form together. And what is ftill farther ex- 
traordinary, I have in the Magazines of the Earl of O/demburg, and in 
feveral other Places, feen very old Grenado’s that were fhaped perfectly 
like a Cube or Parallelopiped. Now let their Qualities and Conditions 

‘ be 
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be what they will, and whatever Form or Figure they may bear, I beg 
the Liberty of calling them by the general Denomination of Fire Globes 
or Balls; at the fame time obferving to give them Sirnames and Epi- 
thets futable to their particular Properties and Effects, to diftinguifh them 
the better from one another. This is che Subject I propofe to entertain 
you with in this Book, which we will divide into Two Parts, Inthe 
Firft of which we thall fhew you, and as it were make you handle (with- 
,out any danger of burning your Fingers) all the Sorts of Recreative Fire- 
Balls both Aquatic and Terrefrial, or fuch as run and leap upon Horizon- 
tal Planes; and thofe alfo which are projected from Mortars, which be- 
caufe they perform their Parts in the Air may be properly enough called 
Aerial. "The Second Part of this Book thall treat of all thofe Balls 
which we call Serious or Miltary ; that is, of all thofe that are ufed 
upon Warlike Occafions, as well to repel and oppofe the Affaults of the 
Enemy, as to convey Fire and Dread into their Quarters, whenever it is 
needful- I hope it will not be taken amifs that I here give the firft 
Place to the Recreative Fire-Balls; for in fo doing I only imitate Na- 
ture, who firft forms the Fetus in the Womb, which from Infancy ad- 
vancing by degrees to Puerility, is thence gradually conducted to Virili- 
ty, and at length compleated in- perfect Manhood. Thefe Recreative 
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~ Works of our .4rt are but the firft Fruits, or rather the Seeds which pro- _ 


duce the many fine Fruits of this noble Scsence. They are as it were 
the Lower Rounds of a great Ladder to the Higheft of which none muft 
hope to arrive: Or to lay afide the Allegory, and {peak in dire&t Terms ; 
none muft expect to attain a thorough Knowledge of what concerns the 
terrible and wonderful Machines of War, but Thofe of a fertile Genius, 
a robuft Body, and of an Intrepidity not to be fhaken by the horrid 
Bellowing of Cannon, nor difmayed at the Tempeftuous Iron Hail. pro- 
jected from thofe mercilefs Thunderers. But let us have done with this, 
and take in hand the Subject we propofed to treat of in this Book. 
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PART L of this BOOK: 
CONCERNING 


RECREATIVE GLOBES. 


Of Aquatic Globes, or fach as Burn: and Swim upon the Water. 


® 


SORT I. 


EE an hollow Wooden Globe made of what Size you think 
fit, and ret both i its Convex and Concave Surface be perfectly 


PRIDE of the Diameter A B, as you fee in AC, or BD; and thall 
be furmounted by a Cylinder, whofe Diameter E F fhall be $ of the Dia- 
meter A B, and the Hollow of itG H fhall not exceed ! of a Diame- 
ter aforefaid. The oppofite part of this Globe fhall be opened, to re- 
ceive a Tompion I K, of the fame Diameter with the above Cylinder ; 
by which Opening, the Compofition muft be put into the Globe when 
you would fill it; and through which you have the conveniency of put- 
ting a Petard or Report made of an Iron Plate in a Cylindrical Form, 
and which being filled with good Corn Powder, mutt be laid athwart as 
you fee inM. The Globe being thus prepared, fhall be filled with one 
of the Aquatic Compofitions, which we fhall hereafter treat of, and then 
{topped up with a Tompion | ‘that has been fteeped 1 in hot Pitch. This 
done, you fhall run as much melted Lead over it as may be fufficient to 
make it of equal Weight, or. fomething heavier than a Bulk of Water 
of the fame Magnitude with itfelf. I fhall tell you why this is done to- 
wards the End of this Chapter. . In fhort, this Ba// being adjufted after 
this manner, it fhall be thrown into melted Pitch. When you would 


- divert yourfelf with it, light the Priming, and as foon as you find, that 


the Compo/ition is thoroughly inkindled throw it into the Water. Fig. 80 


reprefents this, 
SORT 


Book IV. -Of the Great Art of ARTILLERY. 175 
SORT IL | 


This Ball, which you fee reprefented in Fig. 81, differs from the a-Fig. 81. 

bovementioned no farther, than that the Form of it is not Spherical but 
"Spheroidical ; and the Section parallel'to the Axis of it is Oblong. The 
Thicknefs of the Wood throughout the whole, its Tompion beneath 

and its Vent-hole B, obferve the very fame Proportions as in the above- 
defcribed Globe. Beneath it you have a Leaden Grenade diftinguifhed 

by A, charged with Corn Powder, the N eck or. Fuze.of which goes into 

the Bottom of the Ghée, as the Figure fhews you. In fhort, it muft be 

filled with one of the Aquatic Compofitions| fhall hereafter give you; and 

then well coated with Pitch,. before it is thrown into the Water. 


SORT I. 


‘You fhall get an hollow Wooden Cylinder, made by a Turner, of the Fig. 82. 
Height A Dor BC, which fhall be.1 ; of the Breadth A B or DC;; it 
fhalt at Top be ftopped up with a. Wooden Tompion with an Hole in 
the Middle of it, of a Conic Form to hold the Priming, the inferior 
Breadth of -which E F, fhall be § of the Height of the Globe, and the 
fuperior Breadth of itG H, + of the Inferior. You fhall fill ic with one 
of the Compofitions I fhall hereafter give you, and ftop it well up with a 
‘Tompion, after having wrapp’d it round with a piece of Cloth dipped in 
hot Pitch or Tar; beneath it you may. fix a Grenade, or a Report, as you: 
fee in M. The whole being thus ordered, you fhall near the Vent-hole 
fix an Molipile, as you fee in L, which is to be contrived after the fol- 
lowing Method. Get a Founder to caft you a {mall hollow Ghée, (or 
it may be of any other Form if you will) or elfe you may make it by 
foldering two Hemifpheres together ; from. the Top of it thall ifflue two 
hollow tapering Pipes like Horns, but let their Cavities be as {mal 
as you can poflibly make them, efpecially towards the Extremities of 
them; in fhort, their Diameters may be equal to $ the Diameter of the 
Subftance of their refpective Pipes. Being thus adjufted, cover it with 
Burning Coals, and let it there remain till ic is red hot : Take it burning 
as it is, and put the {mall Pipes of it inftantly into. Water, and let them 
be immerfed a little till the olipile is quite cold; during which time it 
will have imbibed a certain Quantity of Water, more or lefs according 
to the Bignefs of it. This Ball or olipile being ordered as we have 
now directed, you fhall fecure it faft near the Vent-hole of the Water- 
Globe with fmall Nails or Pins running through a little Handle adjoin- 
ing to the Lower Part of it. This done, you thall fix two {mall Leaden 
Flutes or Tubes on each fide of your Water-Globe, fuch as you fee in I 
and K (in the fame Figure) fo contrived that their Upper Orifices may 
exactly fit the Extremities of the Pipes of the Zolipile, Having done 


- all 
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all this fet fire to the Priming with the End of a Match, and when the 
Compofition is accended and got to a ftrong Head, throw it into the Wa- 
ter; and in a little time the Fire iffuing from the Vent heating the ok- 
pile'to that degree as to make the Water in it boil, it will difcharge its 
Steam through the {mall Pipes with great Violence, which rufhing into 
the Flutes above-mention’d, they will yield an odd kind of Harmony. 
Fig. 82 will give you an exact Idea of this. 


SORT IV. 


In Fig. g 3 you have the Reprefentation i” a Water-Globe, which the 
Goan call Binfchwerm. This needs no particular Defcription to il- 
luftrate it, for the Figure explains itfelf. The Height of this Glode fhall 
be proportioned to oO Running Rockets it is defigned to contain, tho’ ic 
is generally made 1 { as long as it is broad. The Wooden Tube diftin-- 
guifhed by A, ought to be equal in Height to the Globe; and hall be 
filled with a Compofition of 3 Parts of Powder, 2 of Saltpeter, and one 
of Sulpbur.. You again, are to add underneath it a Paper Cracker, as you 
fee inC; Dis a piece of Lead ferving for a Counterpoife ; in fhort, you 
muft add a round piece of Board to buoy it up upon the Water, a Profi/ 
of which is — by B. . 


SORTS V, and VI. 


In Fig. 84 and 85 I prefent you with the Conftruétion of two Woatter- 
Globes, which have a near refemblance to one another as to Effect, but 
very little Affinity to each other astoForm. In the Fir/? of. thefe, the 
Middle of it A, is filled with an Aquatic Compofitson, which muft be 
ftopped up with a Wooden Tompion as you fee in H; which muft be 
pierced through and-through in the Middle to receive the Priming. In 
B and C you have certain Hollows or little Receptacles for holding 
{mall and great Rockets. The Letters E and D point out the {mall 
Tubes of Communication, through which the Fre is conveyed ta the 
Rockets. F is an Hole through which the Fire has Paflage to the 
Leaden Grenade, or a.Cracker, one of which we ufually faften to the 
Bottom. So much for the Firft Figure, proceed we now to the Second. 
You are to fill the Middle of this, as well as that of the former, with 
an Aquatic Compofition, as you fee in A. This Globe inclofes two Orders 
or Sorts of Rockets (viz.) Greater as B, and Smaller asC. The two 
Tubes which convey the Fire from the Body of the Globe to the two 
Rockets are denoted by H and N. D is a Report of Corn Powder, which 
is feparated from the Compofition by the Wooden Partition E, which has 
an Hole bored through the Middle of it. Farthermore F is a Cap thae 
covers the Compofition, which is in like manner perforated in G, where 
you are to fet Fire to the Whole. You may make Covers or Heads of ~ 
pafted 


~~ 
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-pafted Paper, or of Canvafs dipped in Glue, and fometimes made of an 
Iron Plate, with which you cover the Tubes M and N, which hold 
the Runmng Rockets, in order to hide them. In fhort, O and P are 
two Cavities or Grooves which are to be filled with Meal Powder, to 
fire the Rockets which are er over te a “—_ of: this will 
fully inftruct you. . | 


SORT VIL. 


Get a Wooden Globe that is perfealy Round. and Hollow within, and Fig. 86. 
pierce the Outfide of it with certain Cavities, of fufficient Capacity to re- 
ceive a Running Rocket ; however take care that they be not made fo deep, 
but that there be the Thicknefs of a Finger of the Wood, between the 
inner Extremities of them and the Aquatic Compofition, contained in 
the Middle of the Globe A. That the aforefaid Compofition may have a 
Communication with the Rockets which are thruft into the Cavities above. 

" mentioned, you fhall bore the Wood between them with a fine Gimblet, 

or with a red hot Iron Pin, juft as you feein B; which Hole fhall be filled - 
with Meal Powder. This done, the Vertex of the Globe thall be fur- 
mounted by a Wooden Cylinder: or Tompicn, ctowned with the He- 
mifphere C, made hollow to receive che Priming. -In the oppofite’ Part . 
or Bottom is a Tompion D, which is likewife holtow to give Paflage to 
the Fire, that it may enkindle a Cracker which we commonly fix be- 
neath it. In-fhort,.E points out a Leaden Counterpoife nih | is. de- 
— to —_ the st — in the bsiald See = 36. oS 


SORT. ‘Van.- 


The Form. af. chee « Glhbein Fig. 87 3 is: not “Simple in its Conftruétion Fig. 87. 
like the foregoing, but is. pretty Complex ; for its Lower Part.is an hol-. 
lowed Cylinder, which is furmounted. by a Concave Hemifphere as G. 
The Cylindrical Part is filled with Paper Crackers asC, and the Hemif- 
pherical Part with an Aquatic Compoftion as may be feen inA. This Compo- 
Jfition is {eparated from the Crackers by a ‘Wooden Partition D; through 
which paffes a Wooden Tube as B, whofe. lower Extremity muft fall 
fhort of the Bottom of the Globe. This Tube mutt be filled with fuch a 
Compofition as I prefcribed for the Fourth Sort of Globes. ‘Beneath all, 
is a Paper Cracker as E, and a Leaden. Counterpoife as F,” H is the 
Vent-hole, where you muft pie your Globe in order to fire it. 


SORT x 


‘The Water-Globe you fee in Fig. 88 is a Spheroid, though you may Fig. 88. 

have it perfectly Round if you will. The Body of this mutft be filled 
with one of the Compoftions we thall hereafter give you. The Ourfide 
| . -. Za : or 
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or Convex Surface of it is fluted or hollowed in feveral Places, for the 
niore conveniently fixing of Crackers vo it. Thefe are diftinguifhed by 
the Letters A. On one Side of the Figure in Letter E, you have the 
Form df thefe Crackers,‘ which are to‘be laid in the above-mentioned 


_ Filutings, to each of which belongs a little Jron or Copper Fuze, which 


| Pig. 89. 


Fig. 90. 


muit be filled with Meal Powder, and fo ordered as to fit the fmall Holes 
you fee in the Flutings, and which are diftinguifhed by B. Through 
thefe the Fire has a Communication from the Body of the Bail to the 
Crackers. F points out the little Fuzes before-mentioned, and fhews 
how théy are:to be fixed to the Crackers. C is the upper Orifice for 


the Priming. ‘In fhoft, D is ics hollow Tompion, — which the - 
Fire is corhmunicated ¢ to the Whole. 


SORT X. 


As for the Conftruétion of the Globe Fig. 80, you will readily con- 
ceive’ it,‘ the Figure explaining itfelf; theréfoir¢e I thall not trouble you 
with a particular Detail of it. I thai only obferve that the litele Cham- 
ber A at Bortom ought to be $ of the Breadth of the whole Glote, and’ 
that its Height thould be 1} of its Breadth. Secondly, that the Water- 
Ball B, thalt be is we ordered i in the Firft Sort, and on all Sides i incom- 
pafied with an Agaatic Compofition as may be feen by H. That the 
Chamber ‘A fhali be covered by the Partition C, to the end that when 
the’ Powder in it fhall have the Firé conveyed to it, through the 
Pipes or Tubes E, F and G, ic may with the more Eafe and Force blow 
up the Ball in the Belly of the Firft; which taking fire at the Hole D, 
will burn upon the Water, und will foon after to the Aftonifhment of 
the Beholders blow up the other Ba// that was in it. In fine, I muft 
caution you to fecure the piece of Wood that covers the Whole as well 
as poflible, for fear it fhould be blown up by’ the cla anti of the 
saaad Giobe befbte i it is all burned out. 


SORT XI 


E you confider mm Globe reprefented in Fig. go as to its Effet, you 
will fiid that it has d perfe@ Refemblance with that we have been juft 
now defcribing ; excepe that inftead of containing a Spherical Ghode in 
its Cavity, it has Iron Petards or Crackers, as may be feen by the Letrers 
B and F ; befides thar it retains the Form of a Cylinder, and is fat both 
at Top and Bottom. Above the Crackers it is filled with an Aquatic 
Compofition, like that above doferibed, as may be feen by A. The Tube 


‘C which goes through the Body of it, and touches the Matter contained 


in the Chamber D, bught to be filléd with fuch a Compoftion, a3 we di- 
rected for’ the Fourth Sort df thefe Globes, Near the Lower Extremity of 
this Tube you fhall bore an Hole as E, by which the Fire may have Paf- 


fage 
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fage to the Crackers when the. Globe is blewn up. In fhort, the Cham- 
ber D in the Part where ig is broadeft ought ta be + of the Breadth of 
the whole Glode irfelf, its Height fhall be 4, byt underneath ic will, 
be fufficient. if it is ¢ of the aforementioned Byeadth. G js a Pager, 


° 


between the Chamber and Cracker. 


SQRT Xi. 


Cracker which is made faft beneath all H if a ligtle Communication 
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As to the Conftruction of the following Globe (Fig. 91.) You firft mutt Fig. Qe 


have an hollow Wooden Cylinder mad¢, having in the Bottom of it a 
Chamber which may be filled with Powder : Its Orifice thall be at leaft 
one Foot in Diameter, and its Height 14 of its Orifice. Being thus, you 
thall adjuft a round Board whole Convexity may ¢xattly, fit the Concavi- 
ty of the Globe, ‘and freely Dip down into it: Bengath this Board thall 


be a Wooden Tompion to confine the Powder in the Chamber, and’ 


! 


through this Tompion thal! paf 


és ve ° 


or with that Compofition we mentiangd for the Fourth Sort of thefe Bas, 


You will ee the Reprefentation of all this in the Figure under the Let-, 


cers A, B, C, D, E.’ In the Third Plage you fhall prepare 6 Water+ 
Balls or more, as you fhall think proper, of the fame Form ‘as we, de~ 

feribed in the Firft and Second Sorts, or any of the. foregoing, each of 

which fhall have an Iron Fuze in its Orifice filled with good Meal Pow- 
der. Letall thele Balls be of fach a Size, that being dipofd in 4 ci 
cular Form, and joined clof to one anather, the imaginary Circle they 
are contained in, may not exceed the inner Circumference of the great 
Globe, in which you would lodge them, that is, that they muft as exatt- 
ly fit each other as poffible.” This done, and having charged the Cham-. 
ber of the Ghée with Corn Pawder, you fhall I¢t dawn the round Board, 
with its Tompion before mentioned intg the Globe, and upon that you 


fhall range in a perpendicular Situatian the 6 W% ater-Balls all round the | 


= Tube ; which Water-Balls muft be furmounted by anather round 
zes in the Orifices or Vents of the faid Balls, and be at fuch diftances ag 
nicely to correfpond with the fame Fuzes ;, which running up through 
them fhall rife a little above the faid Board. “The better to conceive 
this, cat your Eyes upon the Figure at the Letter G. © This laft Board 
or Partition fhall be fpread over with a good Quantity of Meal and Cora 


Poder mixed cogecher, an upon «fat all baer st pany Ring 
tall be fixe 


Rockets as the G/ode can hold. ‘In the midft of the fixed a 
large Rocket (which muft not be hored) into whofe Orifice the Iron Tube 
_ (before mentioned) beneath may enter; this Tube is the fame which 
you fee in H; and fhall be pierced through and. through all round, yp- 

on the Plane of the aforelaid Partition; to the end that the Fire having 
2! Communication through item it may agcend the Running Rockets snd 
| _ ' at 


an Iron Tube filled with Meal Powder, 
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at the fame time inflame the Water-Balls whofe Fuzes rife up through 
the Partition; and from thence, after having penetrated down to the 
Chamber beneath, it may be fprung, and blow up the Whole into the 
Air, and make itfelf be heard. In this Figure the Letter F points out 
the 6 Water-Balls, K the Great Rocket in the midft of the Running ones; 
L the Chamber for the Powder; M is a Communication to convey the 
Fire to the Paper Cracker N. In fhort, this Globe being adjufted after 
the manner we have now directed, it fhall be well cafed and envelopped 
with a proper Covering, and thrown into Tar to preferve it from the 


~ Water, 


Fig. 92. 


SORT = XIIL 


"The Water-Globe I am now going to defcribe, and which is repre- 
fented in Fig. 92, is by the Germans called Wafer Pumpe, by which 
they mean a Pump or Pipe, or any fuch Hydraulic Contrivance; they 
again call it Wafer Morfer, which fignifies an Aquatic Mortar-Piece, or 
a Mortar that will ferve upon the Water ; and is to be conftructed after 
this manner. ‘Take feven Wooden Pipes or Tubes, and wrap them 
round together, with a Tarred, Pitched or Glued Cloth, and gird them 
firmly round with Cord or Mar-line. Their Height, Breadth and 
Thicknefs of their Wood, may be ordered as you fhaHl think proper; 
except that you muft allow the Middle one a. fomewhat greater Height 
than the reft: Thefe Tubes then (having the higheft in the Middle of 
them) fhall be bound up together in one Cylindrical Body, as may be 
feen in D. Beneath the inferior Extremities of them you fhall fix, (by 
way of Bafe or Bottom) a round piece of Board as you fee in C, to which 
you fhall faften thefe Tubes with {mall Nails; and be not fparing of 
Glue to ftop up all the Cracks or Crevifes to prevent the Compo/ition 
from taking Air. ‘This done, you shall fill your Tubes according to the 
Order you may obferve in Fig. A. Firft you fhall pour into each of them 
a little Corn Powder, to the Height of about half an Inch; and upon 
that, put a Water-Ball as you fee in G; upon that, flow Compofition; and 
then Corn Powder again; and then a Water-Globe filled with Running 
Rockets, as may be feen in H ; and upon that again flow Compoftion, then 
Corn Powder, and then a Light Ball as may be feenin I. Over this you 
fhall a chird time put flow Compofition and Corn Powder as before, which 
fhall be covered with a Wooden Cap: Upon this Cap you hall fet Running 
Rockets, but not fo clofely together, but there may be room between them 


. for a Wooden Cafe filled with an Aguatic Compofition. In fhort, to con- 


clude, you fhall fill the Remainder of the Tubes with flow Compoftion, and 
then ftop them well up. All your Tubes being filled after this manner, 
you fhall get a {quare or round piece of Wood, no matter which, with 
an Hole in the Middle of it, big enough to receive the Ends of all thefe 
Tubes thus bound together, which you fhall ftop near the Tops of them 
to buoy them up, and preferve the Powder or Compojfitions from being 
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Wer. This Float-Board is diftinguifhed by the Letter L. The whole 
being prepared purfuant to the Directions here given fhall be dipped in- 
toa Quantity of Tar. Then fhall the Rocket M be ftuck into thé Ori+ 
. fice of the Middle Tube, or inftead of it, a {mall Wooden Tube filled 
with a {trong Compofition, and that will burn upon the Water (as I have 
fo often mentioned) which is the fame with the Compoftion I ordered for 
the Fourth Sort of Balls. As to any thing farther relating to this you 
may readily trace it out from the Scenographical Figure, which we have 
here drawn. 

Obferve here in the Firft Place, that it is neceffary that the Middle 


Tube fhould have a little more flow Compofition in it than thofe which 


encompaf{s it. 

In the Second Place, take Notice that if you would have all thefe Col- 
lateral Tubes take Fire at once, you muft pierce the Sides of the Great 
one with {mall Holes, each of which fhall correfpond with one of the 
Tubes, by which means the Fire may be conveyed to all of them at 
once, and confume them equally and in the fame time. But if you 
would not have fuch a quick Confumption of them, but on the contra- 
ry would have the Pleafure of feeing them burn one after another, you 
muft head them well up with ftrong Paper, and to each Tube fix a lit- 
tle Pipe of Communication, filled with Meal Powder or a flow Compof- 
tion, through which the Fire may be conveyed from the Bottom of that 
which is confumed, to the Orifice of that next to it, and fo on fuccef- 
fively to fuch as have not been fired. 


COROLLARY IL 
Of Odoriferous, or Perfumed Water-Balls. 


G ET a Turner to make you fome hollow Balls of the Bignefs of a 

Walnut or Crab, which you fhall fill with one of the following 
Compofitions : Being all ready and filled, you hall, after having lighted 
them, throw them into Water; (this I underftand to be done in fome 
Room or Apartment): but firft you fhall add a little guick Match to 
them made of our Pyrotechnic Tow, or Cotton Wyck, that the Compof- 
tion may be lighted the more conveniently. Thefe Compofitions are as 
follow : 

Take of Saltpeter 3 iiij, of Storax Calamita 3,3, of Frankincenfe 3}, of 
Mafitc 3 j, of Amber Z fs, of Crvet 3 fs, of Sawduft of “Ffuniper 3 ij, of 
Sawdutt of Cyprefs 3 ij, and Osl of Spikenard 3 j; make your Compofition 
of thefe according to Art and the Method laid down. 

Or elfe take of Saltpeter 3% 1), of Flower of Sulphur or Brimftone 3 j, of 
— 3 {s; of the Rafpings of Yellow Amber finely pulverized § fs; 

Aaa of 
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of Coal of Lime-Tree-Wood 3}; of Flowers of Benjamin or Affa Odorata 
3 {s. Let them be finely pulverized, then mixed and incorporated to- 
gether. 


COROLLARY I. 


Of the Compofitions for Water-Globes or Balls, which burn 
as well upon the Water as in it. 


I. | , 
| Oe T take of Saltpeter finely mealed 16 Ib; of Sulphur 4 tb; of 
the Sawings of Wood that have been previoufly boiled in a Saltpe- 
trous Lye or Water, then dried, 4 1b; of good Corn Powder tb fs; of the 
Shavings of Ivory 3 iiij. 
Il. 

Take of Saltpeter 6 Ib; of Sulphur 3 Ib; of Meal Powder 1 Ib; of 

the Filings of Iron or of Hammer-flaw 2 Ib; and of Greek Pitch Ib 6. 
IJ. 

Take of Saltpcter 24 tb; of Meal Powder 4 tb; of Sulphur 12 1b; of 
Sawduf? 8 ib; of Amber Powder tb {s; of Gla/s coarfely powdered Ib {55 
of Camphire tb fs. 

You muft obferve the very fame Rules in the Preparation of thefe 
Compefitions, as we taught with regard to thofe defigned for Rockets ; ex- 
cept that the Ingredients need not be fo finely mealed, but they mutt be 
to the full as well mixed and incorporated. You muft take care that your 
Compofition be not too dry when you would fill your G/odes ; and for this 
Reafon it fhall be moiftened with a little of the Oils of Linfeed, Olives, 
Naptha or Petrol, Hempfeed or of Nut, or any other Fat Subftance that 
is fufceptible of Fire. 

Befides the Aquatic Compofitions above-given, fram my own Expe- 
perience, you may contrive others at pleafure, by obferving to take the 
Ingredients in different Proportions to one another. This indeed you 
will find eafy enough; but I would have you try them from time to 
time, before you exhibit them publickly. It will be of very great Im- 
portance to fuch as would have a perfect Knowledge of the Nature of 
Compofitions, to be extremely well acquainted with the particular Vir- 
tucs, Properties and Effects of each Ingredient they are compofed of ; 
for as 4riffotle faith in Lid. VII. Cap. X. of his Phyfics, Ex particulari- 
bus pracognitis univerfalis acquiritur Scientia: The Knowledge of parts 
cular Things leads us to untverfal Science: Therefore I mutt defire you 
to confider attentively what I am going to fay to you of all thefe Iagre- 
dients feparately. 

Gun- 
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Gun-powder is the Firft and Principal of them all, the moft violent 
when accended, and burning more outragioufly than any of the reft: 
Whence it is that it powerfully refifts all kind of Mozfure to prevent its 
Flame from being fupprefied by it. 

Saltpeter well purified may be placed in the Second Rank. We have 
treated largely of this when we had occafion to fpeak of its Nature and 
incredible Virtues in Guz-powder : But befides what we have {aid of it, 
we fhall add, that it has an unaccountable, particular Quality, of repel- 
ling and difperfing the Drops of Water which prefent themfelves near 
the Orifices of Water-Globes, &c. which muft be owing to its Windy 
Expanjfion. 

All Osis mixed with the Comfo/tions in moiftening them, when they 
are well united with the other Jugredients, keep up the Fire in fpite of 
the Water, and feem to fide with it ta prevent ita Extinction; and this 
becaufe of a Fat Humour, together with a very Aerial and Igneous Sub- 
{tance natural to them, which the Fire embraces with fuch Eagernefs 
that it is impoffible for them to difengage themfelves from that Element, 
when once caught hold on by it; and as all Oz/s are of a pretty denfe 
and tenacious Subftance, and their Parts not to be disjoined or difperfed 
eafily, it is a hard matter for Water to difpoffefs the Fire, when tho- 
roughly poffeffed of fuch Oz/s; and for the very fame. Reafon it is that 
Water is incompatible with them, and cannot infinuate itfelf into them, 
and more particularly when there is a powerful Mefer within, who 
rages, and refolves not to quit his hold, till he has firft removed every 
thing belonging to him, and devoured all that can be converted into his 
own Form or Subftance. 

Sulphur has very great Virtues, which indeed for their Excellence 
ought to hold the Firft Rank; for from this Ingredient it is, that all the 
Compofitions we have mentioned derive a great part of their Strength, 
and would infallibly be imperfect without it: Inafmuch as it ts the par- 
ticular Office of Sulphur, to conceive the Fire upon all Occafions, and 
having once conceived it to communicate it to the other Ingredients 
with which it is incorporated. In fhort, I believe there cannot be found 
any kind of Fat or Bituminous Subftance, thar can be comparable to 
this, as well for retaining and preferving a F/ame when once conceived, 
as for protecting and defending it againft all Enemies who by the Con- 
trariety of their Qualities endeavour to deftray and fupprefs it ; and this 
proceeds from a certain Sympathy between #¢ and Fire, or from a natu- 
ral Parity of Subftance ; or from fome unaccountable occult Friendthip 
mutually fubfifting between them, and which renders them infeparable 
whenever they meet together. 

Amongft the rare Qualities of Campbire, that of retaining and pre- 
ferving an inextinguifhable Flgme is none of the Jeaft, and it may boaft of 
being the only Oily, Biruminous, or Fat Subftance to whom Nature hath 
granted fo extraordinary a Property. But be this as it will, we by Ex- 
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perience find, that without the help of any other Ingredient it burns in 
the midft of the Dampeft Things, and maintains its Combuftion with 
fuch Obftinacy, that it feems as if it would give Laws to them, even in 
their own proper Element. If you doubt this, light a piece of it and 
put it upon Ice, or if you will in Snow (taking care not to bury it clofe 
up, but to leave an Opening for the Air) and you will fee that ic will 
melt, both the one and the other, and fupport itfelf, notwithftanding 
their Frigidity, to its utter Confumption. Moreover, being pulverized, 
then lighted, and fcattered over the Surface of Water, it produces an 
agreeable Appearance ; for it feems as if the Water itfelf, upon which ic 
floats becaufe of its Lightnefs, was all inflamed. However you muft un- 
derftand that it does not conceive the Fire fo readily from any particular 
Heat that is natural to it, but becaufe it is of a very fubtile Fat Sub- 
{tance. From whence happens that ftrange and admirable Phenomenon, 
that if you throw fome Campbire into a Bafon which has Brandy in it, 
and let it boil to its univerfal Evaporation, in fome clofe Apartment, it 
will be rarified and converted into fo fine a Vapour and fuch fubtile Ef- 
fuvia, that the Door being opened fome time afterwards, and you im- 
mediately enter into the Place with a lighted Torch, all the Air in the 
Room will inftantly take fire, and appear like a Flafh of Lightning, 
without doing the leaft Damage to the Building, or without in the leaft 
hurting any of the Spectators. This arifes from the extreme Subtility 
of it: For you muft think that Fire will not burn, except when its 
Parts are very clofely united: And this may be farther obferved in the 
Paper of this Country, which being in a Blaze you may freely pafs your 
Hand over it, without any danger of being burned. The fame is it 
with Brandy, which emits fo fine a Flame that an Handkerchief being 
dipped into it, it will be confumed from one End to the other of it, with- 
out hurting the leaft Thread of the Handkerchief. 

All Sorts of Pitch and Bitumen, amongft which we may reckon the 
Rafpings of Yellow Amber, (though it has naturally no great Affinity with 
them, as we fhewed formerly from Scaliger) produce a ftrong Smoke, 
which retaining a great deal of Fire, and much Aerial Spirit in it, mutt 
confequently be very light, and tend upwards; and therefore break- 
ing violently through the moft clofely united Parts of the Water, it 
ferves as a Forerunner to the Fire, and clears the Way for it, to afpire 
in its natural Direction: For being collected in little Whirlwinds un- 
der the Water, it briskly blows up the fuperincumbenc Liquid which 
oppofes its Excurfion, and caufing at the fame time a great num- 
ber of large Bubbles upon the Surface of it, declares its Refolution of 
not fubmitting to an Element which is ordained by Nature to lye be- 
neath it. . 

The Sawduf? of Wood, Filings of Iron, and Powder of Glafs, being 
heated by the other Ingredients which are more combutftible than they, 
are blown up aloft by the Strength of the Powder and Saltpeter, where 
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appearing like a Cloud or Shower of Sparks they yield an agreeable Pro- 


fpect to the Eye, and immediately falling down again upon the Surface 


of the Water (hot as they are) you hear a Succeffion of {mall Noifes 
which are by no means difagreeable. Now you muft know that thefe 
Things are not ufed in Compofitions purely to pleafe the Eye or Ear; 
but they alfo greatly reinforce the Fire by keeping its Rays united; 
which is one Reafon why it is able to fubfift in'any kind of Liquid. 
And indeed their real Office is to increafe the Fire; for from its great 
Redundance, and Denfity it is, that it contemns the Attacks of its 
Enemy; and this we may reafonably affirm if fo it be, that thofe 
Powers which are the moft perfectly united are always the ftrong- 
eft. The Strength of thefe Ingredients is not a little added to, by their 
Confinement; becaufe the Limits prefcribed, being unequal to their 
violent Expanfion, they rufh with great Impetuoufnefs through the Vent 
or Orifice of the Ba//, or whatever elfe contains them ; and thus Sca/iger 
tells us, That Reftraint adds to their Force. 

I have now done with what I propofed to fay concerning Aguatic 
Compofitions; which may be of great Ufe to the Pyrodoli/?, if he gives 


due Attention to it, and at the fame time ftudioufly confiders the feve- 


ral Particulars we have here handled. 

Give me leave to entertain you now with a Svory, relating to the dif- 
ferent Properties of Fire and Water, and the mutual Power they exercife 
over each other when they contend for the Soveraignty. 

This Story is pretty common, and is related by Philander from Suidas, 
in the Preface to Lid. VII. of Vitruvius. Ruffinus alfo mentions it in 
Ecclefiaft. Hiftor. Lib, I. Cap. XXVI. nearly in thefe Terms: 4 the 
Time when the Chaldeans facrificed to Fire as to a Divinity whom they 
revered above all other Celeftial and Elementary Powers; boafting that 
their God alone was able to fubdue all Things, and confequently (according 
to their way of arguing) it was but juft and equitable, that thofe Honours 

fhould be paid to bim which had been ufually given to others: Adding that 
the Gods of other Nations, whether made of Brafs, Silver or Stone, or any 
other Materials whatfoever, were unable to withftand him, and that he de- 

voured all that came in bis Way: It happened that the Prieft of the God Cano- 

pus heard of this; who being a Man of Wit and Cunning, be undertook to 

undeceive them, and to demonftrate that there was fill a Power, to whom 

their God would be obliged to yield: And in order to this, be caufed a large 

Pitcher to be made full of Holes, which was well coated over with Wax, 

and painted of feveral Colours, and then filled with Water. This Pitcher 

being thus prepared, be fixed it upon the Shoulders of a great Statue 
(which he pretended to be the Statue of Menelaus) tnftead of the Head 

which be bad taken off. Ina little time after, the Chaldeans coming to be 

Witneffes of this decifive Contention between their Deity and the other, they 
let loofe the Fire at him, who ftock fiill expected bis Adverfary’s Affault. Ag 
firft (the Story fays) the Fire animated by the Sight of fo mighty a Colof- 
<3 Bbb {us, 
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fus, laid hold on bin with fugh Violence and Obftinagy, that every one pre- 
fent concluded he muff remain Mafter of the Field, efpecially when they bee 
held the Immobility and Inactivity of his Antagonit, But Fate would 
have it otherwife, and foon made the SpeGators F 4 different Opinion; for 
in a little while after this greqt Body had been thoroughly heated, and that 
the Fire had diffolved the Bouds which kept kas Encmy imprifoned in the 
Scull of the Statue; be infenfibly found himfelf feized with a cald Sweet, 
which trickling down from Head to Foot, foon fhackened bis Heat, and dex 
prived bim of all Hopes of the Victory he had premifed bimfelf. In fhort, 
the Combat did not hang long in Sufpence ; for the gles of the Pitcher being 
by this time gall opened, the Water gufbed out furjoufly upon bim, gnd over 
whelmed bim on all fides ; fo that in expiring be was obliged to eckuawledge 
that be was overcome, ard that Water ought ta be preferred ta bim. The 
Chaldeans equally afbamed and afficted to fee their quce-faverite God in 
this deplorable Condition, retired diffatisfied with the Combat, and from 
that Time forwards forfaking Fire, they fided with the Egyptians. This 
was the Event of the Canopian Prieft’s Stratagem. 


weve 


- COROLLARY I 
Of the Due and Proper Weight of each Water-Globe, 


I AM now going ta perform the Pramife I made you, in my Defcrip+ 
tion of the Firft Sort of Water-Glodes, It is then very evident fram the 
Experiments that have been made, and even from the Demonftratians of 
Archimedes (in Lib. wees tow exepsver, Sc. feu de Inidentibus Humido, Prop. 
3, 4 and 7.) where he {peaks af Bodies immerfed in Water, ZAgt Solids 
of equal fpectfic Gravity with Water, or axy other Liquid, being immerfed 
into it, will remain fujpended in it, and will be fupported by it, neither 
Jfinking beneath nor rifing above the bigheft Surface of it. But Solids which 
are fpecifically lighter than ¢ Liquid, will ypon being immerfed in st, afcend 
above the high¢/t Surface of it in a certain Proportion, In foort, Solids 
which are fpecifically heavier than ¢ Liquid, will fink down to the Botton, 
and lofe as much of their Weight whilfh in the Liquid as @ Bulk of the Liquid 
equal to themfelves in Magnitude would weigh. 'Thexefore as all Glodes 
defigned for this Ufe are made of Wood, and notwithftanding they are 
filled with an guatic Compofition, are lighter than Water, they mutt 
(according to Archimedes) rife in fome proportion above the higheft Sur- 
face of it; and that in fuch degree, that the Part of the Gide which 
is immeried, preties upon the Surface beneath, with a Preffure equal to 
that ofa Bulk of Water as big as icfelf. Thus the immerfed Part of a 
Water-Globe bears {ugh Proportion ta the Whole of it, ag the Weight of 
, the 
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the entire Water-Globe does to a Bulk of Water equal to itfelf in Magni- 
tude, and fo 9p by an inverfe Rete. Thus a Bulk. of Water equal in 
Magnitude so the immerfed Part of the Globe is always equal in Weight 
to the Whole of it. As for Example; be there a Water-Globe whofe 
Weight is 3 th, and let ¢ of i¢ be inamerfed in Water, and ; rife above 
the higheft Surface. JT fey, that in thie Cafe the Weight of the whole 
W ater-Globe is exceeded by that of a Bulk of Water equal to it in Mag- 
tude in the fame Proportion as the immierfed Parts of it are by the 
Whole, namely by 4; and thus a Bulk of Water equal to the Water- 
Gilehe nytt weigh 4 7b And by inyerting the Propofition, if the 
Weight of a Bulk of Water be well known, and if a Ba// be immerfed 
in it to of its Height, ic will be evident that fuch a Bell or Globe will 
be 4 lighter than {yeh a Bulk of Water, Thar is, that a Body of Wa- 
ter eontaining 3 of the 4 Parts of the Bal, will weigh as much as the 
whole Bal. Now if thefe 3 Parts of Water equal to the 3 Parts of 
the Water-Glebe are called 3 tb, we may fafely conclude that the whole 
W ater-Ghabe weighs 3 th likewife, But we cammoply contrive them in 
fuch a manner as not anly to fwim upon the Surface of the Water, bur 
likewife to be juft even with the very Top of it, and fomerimes to be 
quite immerfed in it; chat they may, by means of the frre iffuing from 
them, throw up the Wafer ; and that the more the former is refifted by 
the latter, the more it may be enabled to appofe it, which is the great 
Point, and the only thing youare toendeavour at. 
_ Tf now your Water-Glabes are {pecifically lighter than Water, they 
Will nat he — immerfed in it, kut will afcend above the higheft Sur- 
face in a cortain Proportions and as faft as the Fire confumes the Campa- 
Sitions in them, they will become ftill lighter, and mutt neceffarily rife 
higher aad higher till all is wafted. For this Reafon ic js neceflary thag 
your Weter-Globe be of the fame fpecific Gravity with Water, to the 
end that the Vertex of ig may be exactly level with the Surface of the 
Water: Or it may he a lictle heavier if you will, that ic may be tocally 
immerfed; which will be beft for the Reafan above given (namely) ber 
caufe the fucceffive Coafumption of the Cempoftian mutt naturally tke 
away from the Firft Weight ef the Water-Gie. | 
_ Now that you may know the, {peeific Gravity of a Weter-Glohe with 
regard to Water, and confequently that Part oy Portion of it, thas would 
afcend above the higheft Surface af the Water: And likewife that you 
may know, what Weight of Lead ought to be added ta a Warer-Globe, 
to make it ABiguiponderant with Water, or 9 little heavier ; As alfo how 
to find the {pecific Gravity of Water with regard ca your Mgter+Globe; 
without meatyring or weighing cither the Water or Globe by any ordinary 
Mechgamcgl Contrivance; and that you may be perfectly. well verfed in 
whatever relates to this matress } thall illuftrase the Whole in the plain- 
eft Manner, by a Calculation of the Fisft Sore of Water-Ginbes we de- 
{cribed above, | a 
We 
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We fhall then fuppofe the Axis or Diameter of the faid Globe to be 


divided into g equal Parts, each of which we will take to be an Uncia 
of the Rhynland Foot ; from whence we may eafily come at its Solidity, 


and the Weight of a Wooden Giode made in that Form. 


Let us range the Analogy as follows, (viz.) as 21 is to 11, fo is the 


‘Cube of the Diameter of a Globe of g Uncia (which is 729) to the So- 
‘lidity of the Globe in Cubic Uncia or Inches; according to the Demon- 


{trations of Chriffopher Clavius, Geomet. Prat. Lib. V. Fol. 253. From 


this Operation you will have about 381 Cubic Uncig, which would be 


the Contents of this Globe if it was Solid and Full; but as it 1s Hol- 
low and Empty, and the Diameter of its Cavity is 7 Uncia, we mutt 
find out the Contents of that Cavity in the fame manner as if we fup- 
pofed it to be Solid. Say then as 21 is to 11, fo is the Cube of the Dia- 
meter of 7 Uncie to the Capacity of the above-mentioned Cavity. Now 
the Cube of this Diameter being 343, the Capacity will be found to be 
179 Cubic Uncia, or thereabouts. This Capacity of the Hollow of the 
Ball, which is 179 Uncie, being fubftratted from 381 the whole Con- 
tents of the Glode (which we at firft fuppofed to be Solid) you will have 
a Remainder of 202 Cubic Uncia, which are the Contents of the whole 
Shell of this Globe, whofe Thicknefs throughout is one Uncia. To 
this muft be added the Solidity of the Hemifphere upon the Tompion 
which ftops up the alae of the Globe; which you may find out after 
this Manner. 

Double the Plane of the Bafe of the Hemifphere, which hall be 
3: Uncia and } fquare, or 42 Lines, and being doubled, you will have 
7 Unci@ {quare or 84 Lines for the Convex Superficies. In fhort, mul- 
tiply this by ¢ of the Diameter of the Bafe of the Hemifphere, and your 
Product will be 336 Lines for its Solidity, which are ; of an Inch and 
48 Cubic Lines, which being added to the former Number will contfti- 
tute a Body whofe Solidity in Cubic Inches will be 202 Uncie or Inches 
and + and 48 Lines, or if you would have the whole reduced to Cubical 
Lines you will have 349392 of them. 

You may again come at the Weight of this Body after this Manner. 
In the firft Place fuppofe it to be made of Iron. Now according to the 
Rule laid down in Book I. Chap. VI. an Iron Bail whofe Diameter is 
4. Uncie ought to weigh 8 1b; therefore as the Cube of the Diameter of 
a Ball of 8 Ib is to its Weight, fo is the Cube of the Diameter of a Wa- 
ter-Globe to its own Weight if it was made of Iron. .The Operation 
being over you will have 49 If, or thereabouts, for the Weight of the 
Shell if made of Iron : But as it is made of Wood, you muft take the 
proportional Numbers of Iron and Wood from the Tad/e Book I. Chap. 
{X, and fay as 42: 3 fo is the Weight of Iron laft found to the real 
Weight of the Wooden Shell or hollow Globe; fiom whence you will 
have 3 1b, 8 Ounces, or thereabouts.' 


Let 
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Let the Compofition which fills the Cavity of the Globe be here fup- 
ofed to weigh 8 tb, 10 Ounces, 2 Denters and 7 Grains; and let the 
Weight of the Iron Petard or Cracker be called 4 Ounces, and let the 
Powder in it be one Ounce. Now add the Weight of the Wooden Sheil, 


to that of the Compofition and Cracker, and you will have in all 10 tb, — 


11 Ounc. 7 Dr. 2 Den. and 12 Gr. 

According to this fame Method, you may find out the Weight of a 
Bulk of Water equal in bignefs to your Water-Globe. We have faid in 
Chap. XII. of Book I, from the Teftimony of the Ancients, that a 
Veffel of a Roman Cubic Foot being filled with Water would weigh 


80 1b Menfural, and but 66. 1b 8 Ounces Ponderal. Farthermore, we 


have from the Obfervations of Dogen agreed, that the ancient Roman 
Foot was equal to what we call the Réynland Foot; and therefore a Cu- 
bic Rhynland Foot of Water ought to contain as much in our Days as it 
did formerly : But as I have experienced that a Cubic Body of Water 
each of whofe Sides is 6 Uncie or half of the Rbynland Foot (the Water 
being taken out of the Résme near Leyden in Holland) weighs about 
8 Ib 2 Ounces Ponderal of ours, each Pound 16 Ounces: It mutt follow, 
that as a Cubic Body whofe Dimenfion is a Foot contains 8 of the 
aforementioned, it mutt weigh 65 Ib of ours. And becaufe on the other 
hand a Cubical Foot containing 1728 Cubic Inches weighs alfo 6¢ tb; 


-383 Cubic Uncie or Inches, which are contained in a Bulk of Water 
‘equal to the Water-Globe we are now treating of, muft weigh 14 fb, 


5 Ounc. 2 Dr. 1 Den. and 8 Gr. as may be eafily feen by any one who 
will give himfelf the trouble of proving it. 

Well; let us now compare thefe two Weights to one another (name- 
ly) that of the Water-Globe filled with a proper Compofition, which is 


30 tb, 11 Ounc. 7 Dr. 2 Den. and 12 Gr. and that of a Bulk of Water 
‘equal in Magnitude to the aforefaid Water-Globe ; which we have found 


to be 14 Ib, 5 Ounc. 2 Dr. 1 Den. and 8 Grains; and by fubftracting the 
Leffer of thefe from the Greater, we fhall have a Remainder of 3 IE, 
g Oun.2 Dr. 1 Den. and 20 Gr.. Now as this is exactly the $ Part of 
the aforefaid Bulk of Water; we muft conclude that the Water-Globe is 
4 lighter than the Water; and confequently, that the ¢ of the Water, 
of equal Magnitude with 3 of the Water-Globe will be as Heavy as the 
Whole of it. , 
Therefore if we would prepare a Water-Globe, fo as to have it 
catally immerfed in Water without finking to the Bottom; and that the 
urtex of the Globe fhould be exactly upon a Level with the Surface of 


the Water; we muft adda Counterpoife (as we have called it) whofe 


Weight 1s equal to the difference of the two Weights above-mentioned, 
(v1z.) the , Part of the Weight of the Bulk of Water, which is 3 tb, 
g Ounc. 2 Dr. 1 Den, and 20 Grains; that is, you muft tie a piece of 
Lead to it of that Weight, or elfe make a Cavity round the lower Tom- 
pion, and pour as much melted Lead into it as will fupply that Dif. 

Ccc ference. 
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ference. In fhort, i would not be amifs if you added a Weight fome- 
what fisperior to the above-mentioned Difference, for feveral Reafons 
which I have aa given, and which it were needlefs to repeat 


ere. 


Now in order to fmd cut that Point upon the Axis of a Water: 
Globe, together with a certain Circle defcribed round it upon the Con- 
vexity of the faid Ghbe, through which if an Horizontal Plane pafs, 
fe would cac off a Foutth of the Water-Globe; or to thew how deep 
$c would be itamerfed in Water if it was a Fourth lighter than Water 5 
: fay in order to find out this, you may proceed as follows.. 

Since according to Luc. Valerius, who {peaking of the Center of 


| Graviry of Solids faith, £1. 41. Prop. 33. Hemifpberit Centrum gravita- 


tis ft punttum illud, in.quo fp Axis dividitur ut pars qua ad verticem fit ad 


— «relkiquum ut 6 ad 3. ‘That the Center of Gravity of an Hemifphere is in 


Phat Point .of the Axis through which if it was bifected, the upper Section 
of st would be to the lower as 5 is to 3. “Therefore you may div ide the 
Sermi-Diameter of a Globe, or the Axis of an Hemifphere, into 8 equal 
Parts; and as each of theth is compofed of 6; Lines, ¢ of the xis of 
the Hemifphere, or 33 $ Lines, or 2 Inches, g Lines and } meafured 
upon the Axts from the Vertex of the Hemifphere towards the Bafe will 
give you its‘Center of Gravity ; through which if a Plane be produced 


- parallel to the Horizon, it will divide the Hemifphere 1 into 2 AR gispon- 


derant Parts’; for it is properly called, Centrum gravitatis uniufcuju/gue 
corporis; or the ‘Center of Gravity of any Body whatfoever, according to 
the Definition of Guid. Ubaldus, and other Mechanics. Pundfum intra 
extrave pofitum circa quod undique Partes aqualium momentorum confiftunt ; 

ta ut fi per tale Centrum, ducatur planum figuram quomodocunque Jecany, 
Jemper in partes eequiponderantes ipfam dividat. This Point, whether it be 
placed atthin or without, is That round which all the Parts of a Body are 
at ref, and fituated tn fuch a manner, that if a Plane be produced through 


‘that Center bifetting the Body in any direction whatfoever, st will be al- 


ways divided into equiponderant Parts. ‘Therefore the upper Section of 
the Hemifphere is $ of the whole Water-Globe. _ And if from the Poin 
faft found on the 4x7s of any Hemifphere, you upon any Plane defcribe 
‘as ‘from a Center a Circle whofe Radfus is equal to the upper Section of 
the Axis; and take the Circumference of fuch a Circle with a piece of 
Thread, and tymg the two Ends of it together, you apply. it to the 
Convexity of rhe Giode, ic will fweep over that Portion of it as would 
be immerfed in Water, provided that fuch G/ode be : lighter than a Bulk 
of Water equal to it in bignefs. 


_ ‘To tell you now how to find out the Aliquot Parts of an Integer, 


with regard to other Bodies of Infinite Variety as to Figure, befides 
fuch as are regular or approach nearly to a Regularity, or to teach how 
to feparate them from the reft of the Body ; ; is neither my Intention, 


nor my Bufinefs in this Place. The curious Pyrodoli, wha would give 
| - himfelf 
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himfelf the trouble of learning it, may have recourfe to Villalpandus, 
Tom. UI. Par. UW. or Kepler’s New Stereometry, and the Works of many 
other Geometricians and Mechanics, who have written largely upon that 
Subject. 

In fhort, the fpecific Gravity of Water, and the Weight of Bodies 
jammerfed in , may vary infinitely ; and therefore we muft.retrad what 
we faid of Water in Book I. Chap. XII. The firft ching you are to feek 
after in all Cafes of this kind, is che Specific Gravity of the Water, 


“without 2 Knowledge of which you may be liable torr. Alj thar 1 


Ahave here aid to you is but by way of Example, and to mark oug a Path 
which will infallibly conduct you into the High Road, which leads to fp 
‘many wonderful Operations. 

But before I lay down my Pea, I mutt add to all this, a Method for 
+ weighing all forts of Bodies regular or irregular (for which it is chief- 
ty defigned) in Water ; which will be as agreeable to our Pyratechnician 
as ix will be ufeful and neceflary to him. I have taken it from Mer/ex- 
mus, and prefent it to you in his own Words, as you may find*them i in 
his Phenom. Hydr. Prop. 46. 

What Archimedes meons by Magniude, is Body, tho’ at be empty 
Spase that is merely a Vacuum, and containing no carporeal Subftance : 
Whatever has Extenfion, may be renked under that Dexomination, euen 
by thofe who believe Space, (or who think there is.a Medium) defktate 
| of Rhefiftance.. df now yau fuppofe fuch a -vord Space to defcend in Water, 
. the Water would rife as much as tf a Solid Body.of the fame Bulk had _ 
down into st: As for Example, a Veffel being jilled with Air only, and 
preffed down into the Water, bas the fame Effect as if it had been filled 
with Water, orany other Liquid ; fo that if you fuppofe a Cubical Space 

which is perfectly deftitute-of Weight, to be forcibly immerfed and Rept wa- 
+ der Water, it would bave the fame Effet? with refpect to the Water as .a 
: Cube of Lead equal to st tm Extenfion, allowing the Force requifite to keep 
it under is equal to the Gravity of the Lead. 

But let us now proceed to confider Solid Magnitude or fuch asis Hard. 
: Let there be for Example a Body kghter than Water, whofe t Gravity 
may be eafily found by a previous Knowledge of the Gravity of the Water, 
or any other Liquid it may be immerfed into, as..alfo the immerfed, or 
emerfed Parts of st. Let then the Part immerfed be to the Whole of it as 

I : 12, and the Gravity of the Water will be to that af the Body as 32 

: Jind if the tmmerfed Part of the Bady ts but Sukquadruple or Sub- 
Juphe of the whole, a Body of Water of the fame Bulk with the whole Bady 
would be 4.times or twice sts Wi eight. 


y He, by this, properly means a Method of finding out the S ecific’Gravit ofan thing: 
"se a to wate, rope on inverfely. : ms er Sg 
He here all along means Specific Gravity. 


You 
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You may by another way determine the Gravity of Bodies lighter than 
Water ; (namely) by fuperadding a Subftance that 1s beavier than Water, 
Such as Lead whofe Weight is known, and which by its Gravity im- 
merges light Things; for it will be eafy to conclude, that a Bulk of Water 
équal to them both, will be exactly the Difference of the Weight of thofe Bo- 
diesin ir and in Water; by the Weight of which you ntay readily come at 


the Grdvity of the Body lighter than Vater, by this Method of reafoning ; 


(namely) That the Weight of a Body of Water equal in Bulk to the Lead 
being taken from the whole Mafs of the Water which 1s equal to both the 
Lead.and the other Subftance, there will remain a Weight of Water equal 


an Bulk to the lightef? Body. 


For Example; Let there be given a Wooden Stick or Cylinder whofe 
Weight in the Air is 12 Ounces, and be there fuperadded to it 11 Oun- 


‘ces of Lead, and throw them into Water. I fay, that as this Lead 


weighs but 10 Ounces in the Water, a Body of Water equal to it in 
“Bulk would weigh one Ounce exaétly. Now let us fuppofe the Weight of 
the one and the other immerfed Body to be 16 Ources whilft in the Water, 
the Aggregate of whofe Weight in the dir was 23 Ounces: The Difference 
between 16 and 23 being 7, it will give you to underftand that a Mafs of 
Water equal in Bulk to the Wooden Cylinder and Leaden Weight would 
weigh 7 Ounces; from which if you fubduct a Body of Water equal in 
Bulk to the Lead only, there will remain 6 Ounces for a Bulk of Water 
equal to the Wooden Stick or Cylinder. The fame thing will happen, if 
you immerge feveral Bodies together that are lighter than a Liquid, by means 
of a Superaddition of Lead, or any thing elfe that is heavier than fuch a 
Liquid. 

But care muft be taken that the Body immerged doth not contract, or im- 


 bibe any of the Liquid in its Pores, by which means it would be heavier than 


it was when weighed in Air: Tho’ this Accident may be eafily prevented by 
coating the Body well over with Wax, Pitch, or any thing of that Nature; 
for by fubjtraciing a quantity of Water equal to the Wax, &c. the Re- 


- mainder will infallibly give you the Gravity of the Porous Body. But you 


muft firft weigh the Quantity of Wax or Pitch ufed in coating the Porous 
Body, whether it be of Wood, Stone, &c. and farthermore know the Specific 
Gravity of the Wax or Pitch with regard to Water. 

As for Example; fuppofe the Wax ufed in coating the Body weighs 22 


Ounces in the Air, a Bulk of Water equal to it will infallibly weigh 21 
‘Ounces; therefore muft you fubdud a Bulk of Water of 21 Ounces, if you 


would by the Weight of the Remainder of the Bulk equal to the Body, know 
the Specific Gravity of the Body rtfelf, as we bave already faid. 
If you would know any thing farther relating to this Matter, con- 


-fult the fame Author in the fame Treatife, Prop. 43, 44, 45, 47, and 


others, which will fatisfy you upon this Head. If thefe fhould not be 
fufficient, you may have recourfe to Galileus, who {peaks clearly on 


this Subject; and befides them, you have a little Italian Book publifhed 
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by Nicolas Tartagha, intitled, Ragionamenti- de Nicolao Tartaglia: So~ 

pra la fua travaghata. Inventione. With another intitled, Regola ge- 

nerale da fulevar é mifurar non folamente ogni offendata nave: ma una 

torre folida, di metalla trovata da Nicolao Fartaglia. 


CHAP. IL 
Of Recreative Globes shai leap and bound i Horizontal 
Planes. 
me) R T I: 

PARE. an hollow Wooden Globe, perfeGly Round, with its Orifice 

and Tompion, in the fame Proportion and Form as we direéted 
for the firft Sort of Water-Globes in the foregoing Chapter ; and fill it 
with an Aquatic Compofition. Then be there 4 Iron Petards or Crackers 
(or more if you will) made in the Form you fee in Fig. 93 under the Fig. 93. 
Letters A, B, C, D: Thefe you fhall fill with the beft Corn Powder 
you have, and ftop them up with Wadds of Paper or Tow. Then bor- 
ing Holes in your Globe of a proper Size to receive your Petards, 
you fhall fecure them with Nails to the Outfide of your Globe ; which 
done, you will have the Whole prepared. If you fire this upon a fmooth 
even Spot, you will fee it leap, and bound, as often as the Pefards in it. 
go off. 


SORT qt 


. Geta folid Wooden Ball made as Round as poffible, and coat it well Fig. 94: 
over with Wax. Then cut long Slips of Paper of the Breadth of 2 or 
3 Inches, and pafte them to the Convexity of your Globe, fo that it 
may be entirely covered with them, but not with one Layer only, but 
to the Thicknefs of one or two Lines: Or what will be more expeditious, 
Take of that Pulp or Pafte of which Paper is made, and diffolve it in 
Glue Water, and with it coat over the whole Globe, and dry it by a ve- 
ry flow moderate Fire; and being perfectly dried, divide it into two 
Parts. In fhort, fet it then before a Fire which is hot enough to mele 
the Wax, and you will have two hollow Paper Hemifpheres (as you 
may readily conceive) with which you fhall make a Leaping or Running 
Baill, after this Manner. Take three common Rockets filled and bored, 
as we directed for the Firft Sort of Sky-Rockets, excepting only the Re- 
port which is not here neceffary. Thefe Rockets fhall be of fuch Length 
as not to exceed the interior Diameter of the Hemifphere. Fix then 
thefe Rockets in cither of the Hemifpheres, and difpofe of them fo as 

Ddd thar 
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that they may bave their Heads and Choaks aleernately even with each 
other: And thus they muft be ordered ; that when the Firft is: quite 
fpent, the Second may immediately take Fire, and force the Hemif- 
phere back again; and fo on with the Third, when the Fire is commu- 
nicated to that. Care however muft be taken, that the Fire does not 
privately pafs fram the Firft Racket to the Second or Third, before it is 
quite confumed : This Danger you may eafily avoid, if you keep in 
Mind, what we have already faid of .two Rockets joined together, 
when we treated of thofe that run upon Ropes. Now in order to 
fire this Glade you fhall make an Hale in your Paper Hemifphere 
over-againft the Choak of the Firft Rocket. In fhort, all the ne- 
ceflary Precautions being taken in fixing your Rockets, you fhall cover 
them with the other Hemifphere, which fhall be firmly joined to 
the Firft with ftrong Pafted Paper; you muft be careful in doing this, 
for fear left in turning, running, and winding about, they fhould be 
torn from each other; whereby your Jabour and Expence might become 
matter of Laughter to the Spectators, and yourfelf be put to Confufion 
inftead of meeting with Applaufe. In 4 Word; {uppofing them ta be 
well joined together, fet fire to the Priming which correfponds with 
the Firft Rocket, and leaving it freely upon an even Horizontal Plane, 
you will fee it run and fly about with fuch Swiftnefs, and with fo ex- 
traordinary a Motion, as will furprize the Beholders. In the fame Sce- 
nograpkical Figure, the Letters A B C thew the aie and how. they. 
muft be fixed in the Hemifphere.. 


SORT It. 


This Globe is not very unlike, the, Fiaft Sort, excepting that to this you 
add a certain Number of Crackers, which are difpofed as you may fee 
in Fig. 95, where the Crackers ara diftinguished: by the Letters A, and 
the eut or rn by B. 


CHAR, 
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CHAP Wa 


Of Recreative Aerial Globes which are prejeGled from a 
| Mortar- Piece. | | 


ie 


ws HEN you would make any of shefe Atrial Globes, which aré 
thrown up into the Air by Mortérs, you thall firft of all take 
care to have the Calibre of the Mortar you mrend to ufe: And having 
found it, you thall divide it into 12 Parts, one of which you fhalt al- 
low for the Windage of the Glebe, and i$ thal? remahy for the Diame- 
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ter of the Giede you intend to make. You fhall then divide this Dia-Fig. 96 


meter into 6 equal Parts; and the Height between A and C fhalf be 
equal to the Diameter of the Globe; the Radtus of the Semi-Circle Cr 
thall be i or half of the Height or Breadth of the Globe. The Thick- 
nefs of the Wood H I fhall be ts of thd above Diameter; but the 


Thicknefs of the Cover A K fhall be : of the Diameter of the Globe. 


The Diamerer of the Cavity G Hi of this Gide fthall be ¢ of its whole 


Diameter. The Height of the Primimg-Chamber BF ftral? be $ and j of | 


the Diameter; but its Breadth} onby; that is, its Freight fhatt be 1 fof 
its Breadth, As for the Diameter of the ‘Touch-Hofe, it will be afi 


cient if it is .0c $ of that of the Chamber. -: 


This is all Ican fay: of the Psapostions of this Sort of Balt, as to their . 


Wooden Conftruétion: But:as for the’ Manner of filling them, the’ fol- 


lowing, Disettions will falky m@rugt you. - The Figure of this Globe, 


and thofe: which follow it; may be plainly andérftood by Fig. 96. 


Obferve here, that the Proportions of thefe Globes are only to be un-— 


derftood of thofe which are projected from great Mortars (namely) fuch 
as can carry a Stone Ball of 30, 40,66) or 100 Ib, or more if you 
can get any fuch: But for the Leffler, which carry but 6, 10, 16,.-or 
20 Ibaf Stan, thefe Globes muy be madé of Pafted Paper, and rowled 


in fatbion of a Cylinder, excepting only the‘Bottors ‘which fhall be of | 


Wood, as well as their sacri inca sitis anc Venr-holes. 


SORT rE 


‘Take hollaw Canes.er commion Reeds and cut cher irito. Lengthe to to | 


fin che Cavity of the Gioby,. and fill ‘them:with a fw Compofition made 


3 Parts af Afval Powder, 2 of Conk and one’ of Suipbur, mioiftened witha — 


little: Qi of Petrol; exeapting. the lower Etids of them which reft upon. 


the Bottom.of: tha Globe;: whach fall have Mea? Powder only; moiftened | 
in like. manner. with Ow of: Patro/. or {ptinkled over with’ Brandy, and — 


then 
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then dried, to make them take Fére the better. You fhall moreover 
cover the Bottom of the Globe with Meal Powder. mix’d with an equal 
quantity of that in Corns. Thefe Reeds being filled after this manner, 
you fhall fet as many of them upright in the Cavity of the Globe as it 
is capable of containing. Then cover it well at Top, and wrap it well 


round, with a Cloth dipped in Glue, or any tenacious Subftance. The 


Priming fhall be of the fame Compofition with the Reeds, or one of the 
two following. ‘The Firft; made of 8 Parts of Powder, 4 of Saltpeter, 
2 of Sulphur, and one of Coal. The Second; 4 Parts of Powder, and 
2 of Coal. Meal, mix, and incorporate thefe Ingredients together as 


‘well as poffible. To conclude, you fhall {tick round the Orifice or up- 


on it (with a litcle Pyrotechnic Glue, which we fhall fpeak of in the 
following Book) fome Quick-Match (which muft be prepared as we 
directed in Book II. Chap. XXIX.) with fome untwifted Tow of the 


Fig. 96. fame fort. Fig. 96 fhews you the whole of this; for the Letter L 


points out the Reeds contained in the Globe.: The reft needs no Ex- 
planation. | ._  F 


SORTS II and Il. 


Fig. 97, | Thefe two Sorts of Recreative Globes, which you {ee reprefented under 


and 98. 


Fig. 99. 


Figures 97 and 98, are perfeétly contrived like the Firft Sort, with on- 
ly this Difference between them, that the Firft of thefe is filled with 
Running Rockets; and the Laft with Paper Crackers and Stars, and Py- 
rotechnic Sparks interfperfed with' Meal Powder, which are put promif- 
cuoully over the Crackers. It is needlefs then to'dwell any longer upon 
thefe, fince you may gather whatever relates to them, from what I have 
faid above, as alfo from the Reprefentations of them; which are fo 
plain, that ic is impoffible for any Body to be miftaken that does but con- 
fider them a little. a | 7 | 


SORT Iv. 


This Globe, which we rank in the Fourth Place, and which we have 
reprefented in Fig. gg, is not fo difficult in its Conftruétion, but that it 
may be eafily comprehended by the Figure itfelf. Firft of all, the Great 
Globe which contains a Leffer in it, is the very fame with thofe above- 
defcribed; for it is charged with Running Rockets as well as that of the 
Second Sort: But however with this Difference, that this is lined but 
with a fingle Range of Rockets, as may be feen in the Letter A; whereas 
the Cavity of the other is quite filled up with them. In the mid{ft of 
thefe Rockets, you fix a Globe in a Cylindrical Form with a flat Bottom 
as B, and a Chamber and Touch-hole at D. The Capacity of. this In- 
ner Globe is filled with Iron Crackers as C, and covered witha flat Co- 
vering as E. You thall fill the Priming-Chambers with the fame Com- 


pofition 
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pofition as we have ordered for the above Globes. As for the Fuzes they 
fhall be of good Meal Powder. 


SORT V. | 
As for the Conftruétion of this Fifth Sort of Recreative Globes; it dif- Fig. 100. 
fers in nothing from the Fourth above defcribed, except that it is larger 
and more capacious, and contains two others one within another. ‘The 
Biggeft of all is diftinguifhed by the Letter A, which is charged with 
Tubes D; (the Conftruction of which we have fo often given) whofe 
Orifices are all turned downwards, upon the Bottom of the G/obe, which 
is fpread over with Gorn and Meal Powder mixed together. The Second 
and Middlemoft, diftinguifhed by B, is in like manner charged with one 
Row or Round of Running Rockets E. In fhort, the Third and Smal- 
left Ball C is charged with other f{maller Rockets as may be feen in F; in 
the Middle of which is a Light Ball G. As for any thing farther re- 
lating to it, you are to proceed in the fame Manner as was ordered with 


regard to the aforementioned Sorts; fee the Reprefentation of this Fig. 
100, which will illuftrate it, if our Explanation is any way defective. 


SORT VE. 


Firft get a Wooden Globe, in the Middle of which let there be made & 
Mortar; with a little Chamber for Powder ; round which thall be formed 
a Berm or Ledge, for the conveniently ranging of certain Paper Tubes 
or Cafes: In this Berm you mutt hollow out a little Groove or Channel, 
which muft be filled with Meal Powder, for conveying the Fire all 
round. This done, you fhall put a Recreative Globe into the Mortar, filled 
with Running Rockets, Paper or Iron Crackers, Reeds, or in fhort, with 
Stars and Sparks which we have fo amply defcribed elfewhere. Upon 
the abovefaid Channel then, you fhall place your Cafes or Paper Tubes, 
exactly after the Manner we ordered in the foregoing Chapter for the 
Sixth Sort of Water-Globes, which fhall be filled with Running Rockets, 
and covered round with ftrong pafted Paper or Glued Cloth. Caft your 
Eye upon Fig. 101, where the Letter A points out the Wooden Globe Fig, 101. 
without any Addition to it. The Letter A alfo thews its Mortar. E the 
Hollow in the Berm. D the Touch-hole. C the Priming-Chamber, 
and B is the Chamber of the Mortar. But in the other Figure diftin- 
guifhed by B, the Letter F fhews you the Order in which your Paper 
Cafes ought to be placed upon the hollowed Berm or Ledge. The reft 


may be readily comprehended by whofoever rightly confiders this Fig. 
IO}. 


Eee SORT 
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Fig. 102. of its Breadth; fuch as you fee in Fig. 102, where its Height from A 
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SORT VIL 
You thall order 2 Wooden Globe to be made whofe Height is double 


ta B, is double of its Breadth from C to D. So much for its outward 
Form, Hollow out one half of it (I mean the upper Part) after the 
fame Manner as has been done with regard to the preceding Recreative 
Ghoes ; which Cavity fhall be filled with Ruwaing Rockets or Crackers, 
ar fame other of thofe Things we have mentioned above. Then clap 
a Cover over it. The Lower Part of this G/ode thall have a Priming- 
Chamber at E, whofe Height and Breadth thall be $ of the Diameter 
ef the whole Globe; and the Touch-hole fhall be = or 4 of it. This 
dene, you fhall pierce all the Lower Part of the Globe with Cavities 


- which fhall nor be fo decp as to interfere with the Touch-hole in tho 


Middle; hut between the Inner Extremities of them and that, there 
fhall be the Thicknefs of half an Inch of Solid Wood: Which how- 
ever fhall be afterwards bored with a red-hot Iron, fo as to have a Com- 


munication with the Touch-hole. You may fee how this is to be done 


by the Letters G and F. Thefe Cavities thall be of fufficient Capacity 
to receive Iron Crackers or Running Rockets. Now to repeat to you, 
how they ought to be fixed; what ought to be obferved to make them 
depart after they are lighted ; or what must be done or not done to pro- 
cure the defired Effet fram them; this is what I have fo often touched 
vpon, that a farther Repetition might be troublefome. Let us then pro- 
ceed to the following Sort. 


SORT VIL 


The Structure of this Gide is not fo confiderable on the fcore of its 
Contrivance, as it is admired by the Spectators for its fine and agreeable 
Effects in the Air; and I may fafely fay, there are but few Pyrobolifs 
who can reprefent in the Air, in a dark cloudy Night, Letters or Cy- 
phers in Fire, or whole Names, or even feveral Sentences all in Flame. 
Here then in the Conftruction of this Globe (which I myfelf invented, 
and have often put in Praétice) I intend to fhew you one of this Na- 
ture, which wilh have fuch Effects as cannot but be admired: In the 
ordering of which you mutt proceed as follows. In the firft Place get 
a Wooden Globe of the fame Form, and of the fame Height, Breadth 
and ‘Fhicknefs, with that of the Firft of this Sort of Globes, or of the 


-fubfequent of them, no matter which. Now the Priming-Chamber A, 


Fig. 103. 


in Fig. 103, fhall have its Breadth and Height of $ of the Diameter of 
the whole Globe. Befides this Chamber you fhall have another to re- - 
ceive Corn Powder, whofe Height C D fhall be equal to its Breadth 
QD) E, which thall be alfo ; of the Diameter of the whole Globe ; but the 

Fuze 
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Fuze or Vent-hole B fhall have ics Breadth one fourth of the Powder- 
Chamber, or Priming-Chamber esbove mentioned. You hall have alfo 
another Glode in a Cylindrical Form, the Bottom of which thall be 
rounded on the Outfide, as may be obferved in the fame Figure by the 
Letter F. The Cover of it, G, fhall be let a lice into the Inner Sur- 
face of the Cover of the Great Géode, in order to keep it firma; and this 
Leffer Globe fhall be placed perpendicularly over che Chamber which is 
filled with Corn Powder. You fhall then fill che Cavicy of chis little 
Globe with Running Rockets, Stars and Sparks, ag may be feen by the 
Profil. To the rounded Bottom of this Glee, fhall be tighdy fitced a 
Wooden Ring (the Profi] of which you have in H ;) the Subftartce of 
which fhall be bored through with Holes, as you may fee in I; or if you 
will, it may be fluted all round, as may be {een in K; of nally, you (hall 
plant fmall Iron Nails all round the Bottom of the G/ode, in fuch mai 
ner that their Heads may be all even, and form a perfect Circle, whefe 
Diameter exaatly correfponds with the Inner Diameter of the Gilode, 
and its Circumference with the Circumference of the famé. 8ee it ree 
prefented in Fig. L. After having prepared your Géode after this mafia 
ner, take two long thin Slips of Whalebone (which the Germans call 
Walffebdsein) which naturally permitting itfelf to be bent without any 
danger of breaking, and inclining toa voluntary Recurvatofe, it i$ very 


proper for the Ufe we fhall here apply it to. You fhall thea take two | 


Slips of it, which though rowled up in a Spiral Direction, have Stren¢éth 
and Spring enough to recover their firft Rectitude, upon their bemg ree 
leafed from their Conftraint. Having two fuch pieces of Whalebone 
join them together, difpofing of chem fo that their Convenities may bé 
Inward, and their Concavities Outward, as may be plainly feen by M. 
Of thefe two curved Slips, you fhalt make one ftrait Piece as N by cying 
them down at the Ends and in the Middle: Thefe Slips thos joined to 
gether, though bent and rowled up after any manrier whatever, will 
by their own natural Spring and Energy recover their Rectitude, wheri 
left at liberty. 

Take two Pieces thus prepared, and lay them Pasalicl to each othet 
(confider here the Figure O compafed of thofe Artifciat Chavafters 
which exprefs Vive Je Roy) and to the Extremities of them tie 
two fhorter Pieces at right Angles with them; fo 2s to conftitute 
the right-angled Parallelogram P T S Q. Thefe four Pieces being 
thus bound together, you fhall form tite Letoers or Cyphers within 
them, which fhall be made of Lattin or Iron Wyre, or (what will be 
rach better) of pieces of Whalebone ;. but your Letters, Gir. mivit he 
of fuch Size as nor to exceed the Heighe of the Cavity H.R, and if 
they are fomewhat fhorter it will be fo much the better, as we have or- 
dered it in our Example. Agzin ; your Letters fhall be ac the Diktanee 
of a Palm from each: oshes;. or a. Foot as mot: Iva Word, their Di- 
{tances fhall be aecosding. to. the. Capacity of the Gide you intend to 

, : put 
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put them into. Your Letters being thus fixed in your Frame (or Paral- 

lelogram) take loofe Pyrotechnic or Quick Tow (prepared as we directed 

in Chap XXIX. of Book II.) and wrap them neatly round with it from 

one end to the other; then fteep them in Brandy, in which you hall 

have previoufly diffolved a little Gum rabic or Gum Dragant, and as 

you dry them falc them over with Meal Powder. You muft however 
take care that the pieces of Whalebone which form your Frame, are no 
ways incommoded or intangled by. your Tow; for fear when your Let- 
ters burn out, their Flame fhould be confounded in one another, and 
become indiftiné&t in the Air. If now you would have your Letters de- 
{cend perpendicular to the Horizon, you fhall faften two {mall Weights 
to your Frame at S and Q only; but if you would have your Frame 
fall down parallel to the Plane of the Horizon, there fhall be two other 
Weights at Pand T; that is, there fhall be a Weight at each Angle of 
your Parallelogram or Frame. Finally, the Whole being thus ordered, 
bend it round to go into the Inner Circumference of your great Globe ; 
and let it reft perpendicularly upon H in the aforefaid Glose, and then 
fill up the empty Spaces between the Letters with Meal Powder. This 
done, cover it up, and I affure you nothing can be more delightful to 
the Sight, and that you will receive an unfpeakable Pleafure from the 
Effects of this Globe; provided that in the Conftruction of it you ob- 
ferve every thing that is here directed. 

You may by a Contrivance of this Kind not only reprefent Letters 
and Cyphers in Fire; but alfo the Arms of Princes and great Lords, to- 
gether with Human Figures, and Animals, which will move to and fro 
in the Air, to the great Satisfaction of the Beholders. But you muft 
know, that to fucceed in fuch fine and difficult Attempts, it requires a 
Perfon to be poffeffed of a pretty good fhare of Senfe, and found Judg- 
ment, joined to a perfec Knowledge i in Pyrotechnics, and a fine Tafte 
of every thing relating to it: And where thefe Qualifications are want- 
ing, I would advife no Body to engage themfelves in fuch a Work ; for 
neither 4//culapius nor all his Succeffors of the Faculty, can find one 
Remedy throughout the whole Extent of their Scsence to repair the leaft 
Mifhap that might befal you in this Cafe. 


COROLLARY I. 


of Shining or Light-Balls, fuch as aye commonly afed at 
Bonfires, which the Germans call Lichtkugel. 


A Books are two Sorts of Light-Balls (namely) the Recreative and 


Serious ; of the Laft of which we fhall fpeak in its proper Place; 


and fhall now only curforily touch upon the Recreative Sort. 
. Take 
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Take of Crude Antimony 2 tb, of Saltpeter 4 1b, of Sulphur 6 Ib, of 
Colophone 4. tt; and of Coal 4 Ib. 

Or elfe; take of Antimony th fs, of Saltpeter j Ib, of Sulphur tb fs, of 
Colophone j tb, of Coal} tt, and of Black Pitch tb fs 

You fhall put either of thefe Compofitions (after having been well 
mealed) into a Brafs Boiler, or into any glazed Earthen Pot, and mele 
them over a Fire. Then throw as much Hemp or Flax into them as 
may be fufficient to abforb them quite up: And whilft cooling, you 
fhall make them up in Balls of fuch Sizes as you want. Then wrap- 
ping them well up, and coating them with Pyrotechnic or Quick Tow; 
you may put them into Rockets or Recreative Globes, whether ge as or 


Aerial. 


COROLLARY IL 


Of Pyrotechnic Stars and Sparks, called by the Germans 
Stern-veuer and Veuerputzen. 


pr ROTECHNIC Stars differ thus much from the Sparks, that 

they are a great deal larger, and not fo foon confumed; but 
fubfift in the Air, and fhine out with a longer Duration, and with a 
Splendor which becaufe of its extreme Brightnefs, may in fome degree 
be compared with the real Stars which adorn the Firmament. They 
are to be prepared after the following Manner. 

Take of Saltpeter Ib fs, of Sulphur 3 ij; of Powder of Yellow Amber 

Z J» of C hes Antimony 3}, of Meal Powder 3 iij. 
mealed 3 111i), of O:banum or Frankincenfe in Drops of Mafiic, of Chry- 
feal, of Mercury Sublimate, of each 3 iiij, of White Amber 3}, of Cam- — 
phire 2 j, and of Antimony and Orpiment of each 3 fs. 

All thefe Ingredients being well beaten and paffed through a Searce, 
they fhall be fprinkled over with a little Glue Water, or Water of Gum 
“Arabic or Dragant: Then made into little Balls of the Bignefs of a 
Bean or {mall Nut; and being dried by the Sun or Fire, they thall be 
laid up in fome convenient Place, to be ufed in the Artificial Fireworks, 
which we have here fo amply treated of. When you put them into 
Rockets or Recreative Globes they muft be wrapped up in Qyick Tow. . 
Pyrobolifis {ometimes inftead of thefe Balls take certain Quantities of 
a melted Stuff (which we thall fpeak of hereafter when we teach you 
the Preparation of Fire Rain) which they wrap up in Quick Tow for 
feveral Ufes in Fireworks. 

But if thefe do not pleafe you becaufe of their blackifh Caft, and if 
you would rather choofe to have them Yellowith or inclining to White ; 

F ff | Take 
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Fake 3 iiij of Gum Dragant, or of Gum Arabic, beaten, mealed and paffed 
through a Searce; of Camphire diffolved in Brandy % ij, of Saltpeter 
Ib j fs, of Sujpbur ib fs, of coarfe Powder of Glafs 3 ii), of White Amber 
Z 4 {s, of Orpiment % ij: Incorporate all thefe Ingredients together, and 
make Balls of them as before. I learned this of Claud Midorge. 

: Fhe Method of making Sparks is as follows: Take of Saltpeter Zi, 
of the fame melted 3 fs, of Meal Powder 3 fs, of Camphire % ij. Af- 
ter having mealed thefe Ingredients (fuch. as want it) apart, puc them 
all together in an Earthen Pot, and pour upon them Water of Gum 
Dragant, or Brandy that has had Gum Dragant or Gus Arabic diffolved 
in it, that the Whole may have the Confiftence of a pretty Denfe Li- 
quid. This done, take an Ounce of Lint, or the Down of Linnen, 
which has been previoutfly boiled in Brandy, Vinegar, or Saltpeter, then 
dried and {pread out, and throwing | it into this Compoftion, mix and ftir 
it about, till ic hag abforbed it all. This done, rowl it up in Pills 
about as big as a great Pea, which you fhall fet to dry after having 
falted them with Meal Powder, Ufe thefe according to our Dire- 
ctions. 

We have, farthermore, a Way of preparing certain Odortferous Pills, 
which are ufed in little Pyrotechnical Machines and Contrivances, which 
are fired in Rooms and Clofets. Thefe are commonly compofed of Sro- 
rax Calamita, of Benjamin, of Gum Funiper, of each 3; of Okbanum, 
of Matic, of Frankincenfc, of White Amber, of Yellow Amber, and of 
Campbire, each 3 j; of Saltpeter 3 iij, of Lime-Tree Coal 3 iiij. Thefe 
Ingredients are ta be well beaten, pulverized and incogporated together ; 
then moiftened with Rofe Weter, in which has been previoufly diffolved 
fome Gum Arabic or Dragant, that the Whole may-be made up in Pills, 
which muft be dried in the Sun or before a Fire. 


_~ 


CORQLLARY II. 


Of the moft certain Methad for ProjeGing Recreative Globes 
from a Mortar: Of the Quantity of Powder vequs/ite for 
thot Parpofe: And of the Chambers to recesve it, 


Y OU muft confider that all thefe Recreative Globes are ufually thrown 
. Up intcothe Air in a Vertical Line, or againft the Perpendicular of 
the Horizon; wherefore. it is neceflary that you fhould have a thorough 
Knowledge of the due Quantity of Powder requifite to diflodge your 
Globe, and to projegt.it into the Air to any determinate Height you 
would have ic. We may come at this. by two Ways. The Firft is thus: 
Weigh 
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Weigh your Globe with a Balance or Steelyard, and for every Pound 
that it weighs allow } of an Ounce of Gun-powder. As for Example ; if 
your Recreative Globe weighs 40 if, you muft, to diflodge it, allow 
40—+ of an Ounce, or 10 Ounces of Powder: And this will be fult 
enough for the purpofe; for thefe G/obes being made of Wood only, 
they could not bear the violent Shock of a larger Quantity ; add to 
which, that the Powder confined in Waritke Machines exerts itfelf more 
to throw up a Body ina Right Line, than to projeé it in-any Oblique 
Direction; because. it is proportionably more oppreffed by the fuperin- 
_cumbent Weight, and has its Liberty thereby myore reftrained. This 1 
fhall endeavour to demonftrate mofe amply elfewhere. If you fhould 
be in a Place. where no fuch thing 28 a Balance or Steélyard is to 
be got; take the Diameter of i your Gévée with b ‘pair of contitior Com- 
paffes, or with a pair of the crooked Sort, and apply it to chat Side of 
the Caliére Scale calculated for Stone Bullets, aitd divide the Nuimber td 
which your Compafies extend: into two Pafts, ahd -yeu- will have: thé 
Number of Loths or babf Ounces of Powder requifice to diflédge your 
Globe. | 

Now fuppofe you do know the due -Poftion of Powder réquifité to 
projeét your Globe, yee methinks this is not enough; for ydu ovghe to 
know alfo, how and in what Form this Powdé ouphe to be put into thé 
Mortar. We have two Ways of coming at this. Fhé Firt of which? 
Be there made a certain Body of foft yieiding Wood;: in- thé Form of a 
truncated Cone reverfed, (which thé Germans call'Sets-Kamer') equal iti 
Height and Breadth to the Chamber of the Mortar, in-which thall bé 
hollowed out a Chamber for receiving the Powder. This fliall' be 
pierced witha fine Borer, or a red-hot Irdn ‘Needle frorti the bottom: of 
the Wood to the Center of the botront of the Chatriber in it; but not 
in a perpendicular Direétion, but:diagonally or flantihg as from ¢ to d if 
Fig. A under 104. The place where this Touch-hole begins fhialt bd Fig. 104. 
marked, fo that when you fill'the Charniber, it may bé tufred to cor- 
refpond with the Vent-hole of thé Mortar, When thereford you would 
load your Mortar with a Recreative Globe, cover the Bottom of thé 
Chamber wich a little Meal and: Cora Powder mixed tozether, and upd 
that pute your Wooden Chamber, in which fhalt bé: che Quantity of 
Powder requifite to project: your Globe, In there; your Glode fhall have its 
Orifice turned down upon the Powder, and fhiall be wrapped toand with 
Hemp or Flax, Hay or Seraw; no matter what, fo that ic bé not an 
thing thae will retard its Flight, and hinder its‘Projection. Confult A 
gure 104, whieh will give you a perfe@ Idea of all this, — 

Obferve here, that your Wooden Chamber ought to be of a Capacity 
fufficient to hold: all the Requifite of Powder, and’ on' the’ contrary, it 
fhalb not be fo big as-not to be entirely ‘filled by ir. 

If by chance the Chamber of your Mortar is broader thar’ needful, 
or if its Height is not well proportioned to its Breadth ; or in fhort, if. 

the 
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the Requifite of Powder is fo little as not to fill up the Chamber ; (which 
may frequently happen, inafmuch as Recreative Globes are much lighter 
than Grenado’s or Bombs, &c.' for which Mortars were chiefly defigned ; 
which have accordingly fpacious Chambers to receive the Requifite of 
Powder neceffary to project thofe heavy Bodies, and notwithftanding you 
may make according to our firft Method a Chamber that is juft fuffi- 
cient to contain the Requifite of Powder ; yet as in {uch a Chamber the 
Powder is not clofely united, but is rather extended too much, it will 
not be fo vigorous, nor act with fuch Force upon the fuperincumbent 
Weight, as if ic was confined to fome Chamber whofe Cavity is propor- 
tioned to the Effect required ; for the Reafons here-under given) and 
therefore it will be neceflary to have fome Wooden Cylinder equal in . 
Height and Breadth to the Chamber of the Mortar; in the Middle of 
which {hall be bored a Cavity, whofe Height is equal to that of the 
Chamber of the Mortar to hold the Quantity of Powder neceffary to 
throw up the Recreative Globe. Now this may be done as follows. 

Firft, by a Scale divided into equal Parts, meafure the Height of the 
Powder contained in the Chamber of the Mortar that is requifite to pro- 
ject your Globe; and then by the fame Scale meafure the whole Height 
and Breadth of the Chamber. Then find out a mean Proportional be- 
tween the Height of the Powder in the Chamber and the Height of the 
whole Chamber itfelf. This mean Proportional being found, you fhall 
look out for a Fourth Proportional ; by faying, As the mean Proportio- _ 
nal found, is to the Height of the Powder in the Chamber, fo is the 
Breadth of the Chamber to a Fourth Number. Having performed 
this after the common Way you will have a Fourth Proportional, which 
will be the Diameter of the future Chamber, capable of containing 
your due Requifite of Powder, which Diameter you fhall meafure by 
the above Scale. This will be readily apprehended by the following 

| Example. | 

Fig. 104. Let then the Chamber of your Mortar be a, d, in Fig. 104 under the 
Letter B, and let the Height of it be ac or bd; let the Height of the 
Powder in the Chamber be c e: Thus d e will be the Cylinder that con- 
tains a Quantity of Powder requifite to project your Recreative Globe. 
As this Powder is not fufficient to fill up the whole Chamber, there 
muft of neceflity be a vacant Space between it and the Globe, which 
refts upon the Orifice of the Chamber. Now fince, fo large a Vacan- 
cy may be a great Hindrance to the Ejaculation of the Globe, and fince 
the Powder is but a very little Quantity when compared with the Ca- 
pacity of the Chamber ; therefore muft this Cylinder or Chamber which 
now contains it, be transformed and altered, into another equally ca- 
pacious to it, and whofe Height fhall be at the fame time equal to the 
whole Height of the Chamber of the Mortar, ‘This is to be done af- 
ter the following Manner. 


Find 
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Find out the Height of the Powder between e and c, which we will 
here fuppofe to be 20 Parts or Divifions of your Scale; and the Height 


between c and a, or that of the whole Chamber, which we will fuppofe 


to be 45 of the aforementioned Parts; the mean Proportional between 


thefe two Numbers (viz. 20 and 45) being about 30; fay, As 30, the 


Proportional Number immediately found, is to e c, the Height of the 
Powder in the Chamber which is 20 Parts of your Scale; fo isc d or 
a b, the Breadth of the Chamber of the Mortar, which is 24 of the 


fame Parts, to the Diameter or Breadth of the Chamber you would pre- 


pare. This performed, you will have 16, which will be the Diameter 
of the Orifice fought. Hollow out then of your folid Wooden Cylin- 
der 1 0, equal in Height to the Chamber of the Mortar a d, the Con- 
cave Cylinder g k, the Diameter of whofe Orifice g h is 16 of the fame 
Parts with the 45 which conftitute the Height of it 1 n, or gi: Thus 
will you have a Chamber of a Size requifite for your Purpofe. 

Obferve here, that in this Cafe, and in fuch a Chamber, it is not at all 
neceflary to prefs down the Powder, and that it will be better to have 
the Interftices of it free and open, that the Air may be diffufed through- 
out it, and that the Fire may have free Paflage to inflame it all at once, 
and inftantaneoully. 

If this kind of Chamber does not pleafe you, get a Wooden Former 
whofe Diameter is equal to the Cavity of the laft mentioned Chamber, 
and either pafte or rowl as much ftrong Paper upon it, as may give it 
fuch a Thicknefs and Length as exactly to fit che Chamber of the Mor- 
tar. You have the Figure of thisinD. It is my Opinion, that there 
can be no better Reafon given, why Powder when confined in a long nar- 
row Chamber, fhould have a more violent Effect, than when an equal 
Quantity of it is lodged in a broad thallow one; than that the Powder 
is much more united in the Former than in the Latter, where it is 
more extended ; from whence it happens, that the Denfity of the Fire 
iffuing from the clofe confined Pewder is more confiderable, the Exha- 
lations and Expanfion much more abundant; the Union of the Parts of 
the Fire much more perfect ; and confequently the Flafh muft be every 
way more powerful, as I faid above. 

_ In a Word; I believe the true Reafon why the Ancients invented 
Chambers for their Mortars and Cannon, was becaufe thofe Engines were 
chiefly defigned for projecting Stone-Bullets : But as in thofe Times they 
alfo ufed Mortars for throwing out certain Pyrotechnical.Globes (as is ftill 
practifed, and to which we have lately added Bombs, &c.) which re- 
quiring but a little Powder in Proportion, to what was neceflary to pro- 
ject thofe ponderous Bodies of Stone ; if their fmall Requifite had been 
lodged in a fpacious Cavity it could have performed no notable Effedt, 
for want of being collected in a clofe Body: To remedy this Incon- 
veniency, the antient Pyrodoli/'s contrived Chambers in their Mortars 
which are as it were little Magazines for keeping the Powder clofe toge- 
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ther, that by the Proximity of its Corns, its éxpulfivé Force might be. 
perfeétly upited, and acting impetuoufly upon the Projectile, oblige it 
to depart as faft as its Weight will permit. I have however often ob- 
ferved, that the Chambers in old Mortars and Guns were much larger 
than ours, the Réafon of which was, becaufe their Powder was much 
weaker than ours, which was owing to the {mall Quantity of Saltpeter 
in ic; wherefore it was neceffary that their Chambers fhould be propor- 
tionably’ large. This, the Modern Pyroboli/ts have altered; for in out 
Days, that Mars feems to have been more infolent and outragious than 
ever, thofe who have had the ordering of the Artillery have greatly lef- 
fened the Chambers, becaufe our Powder is much more ftrong, than what 
was formerly ufed; and therefore our Chambers muft be propottionable 
to the Virtues and Qualities of the Powder they aré to contain. Hf whae 
I have been here faying, does not feem fufficient to you, to clear up what 
I have here offered concerning the weaker or ftronger Effects of Gai- 
powder, in proportion to the Capacity of thé Chambers whete fuch Ef- 
fects are produced, I fhall ftill farther endéavour to illuftrate it by an 
Example of Pneumatical Engines or Wind-Guns ; for if into any two of 
them of equal Capacity you injeét an equal Quanitity of Air, it is cer= 
tain that the Air fo condenfed being fet at liberty, would rufh with 
much more Noife and Impetuoufnefs through a narrow Tube, chan 


- through a broad one, and attack any Obftacle in its Way, and impel it 


with a Power, much more confiderable than the other, and all from the 
different Size of the Tubes or Barrels; (if we are here to underftand 
Wind-Guns:) and it is certain that in unequal Capacities the greateft 
or leaft Quantity of Air would help or hinder the Violétice of the Air 
iffuing from two unequal Engines or Guris; for that Quantity of Air 
which was fufficient to fwell or fill up a fmall Tubé, would nor be 


enough to fill up a larger Tube; but would difperfe on all Sides, and 


diffufe itfelf throughout the whol¢ Capacity of it, and could not be fo 
much condenfed in its Excurfion through a Space wheré it has room to 
expand icfelf. Thus is it with Hydraulic Machines, which throw up 
their Water the higher, the narrower their Pipes are ; which alfo moves 
with a greater Horizontal Velocity, than that which runs through largé 
Pipes or Channels; fuppofing fuch Water to run in Channels or Pipes" 
equally inclined to the Plane of the Horizon, and to be of equal Quan- 
tity, &c. The Caufe of thefe different Effects may bé accounted for, 
by what we faid above, (namely) That it is more compacted in narrow 
Channels, in which being hurried along by any Force imprefled, or 
only left to che liberty of running its inclined Courfe, it flows along 
with wonderful Rapidity. It is quite different in fpacious Channels, 
where the Water has room to fpread abroad. Apply this now to Gun- 
powder in the Chambers of Warlike Engines, where being converted 
into a Fiery Spirit, which when it finds itfelf oppreffed and pent up ina 
narrow compafs, exerts its whole Strength to difengage itfelf from all 
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manner of Reftraint, arid havirig forced a Paflage to the Air, it violent: 
ly explodes and difperfes that Elemert, which inftantly clofing together. 
again, produces that fhocking Clap which is heard upoh the difchargé 
of all Pieces of Ordnance. | 


COROLLARY UV. 


Of Recreative Petards or Crackers. 


W E have often rrenctioned Peturds or Crackers in the preceding 
Chapters; but have faid nothing yet of their Conftru@ion. You 
triuft know then, that theré ate two Sorts of Petards, which the Ger- 
shans call die Schlage: Oneé Sort of theny being ufed.in Recreative Fire- 
works; (which only f fhalt here tteat of ) and the other is applyed to Se- 
rious and Warlike Ufes, concerning which we fhall fpeak hereafter. The 
Form then of the Recreative Sort may be very much varied. Now of 
an infinite Number of them, thofe which you fee in Figures 105, 106, 
167 and 108 in A and B, are fuck as F choofe to give you the Reprefen- 
tation of. Somnie of theft ate made of Paper; as you may fee by B, in 
Fig. 108 and 108 ; which are fottned in Moulds particularly contrived 
for them, one of whith we have already reprefented and defcribed in 
Book III. Chap. 111. | | 
_ Others are made of Iton and Copper Plates, and fome of Lead as may 
be feen in Fig. 106, 107 and 108, diftinguifhed by the Letter A. 
Thofe which are madé of Paper after the manner that you fee in Fig. 
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Yos and 106, have theif Upper Parts (diftinguithed by A) filled with Fig. 10s. 
Corn Powder; and their Priming-Chambers mutt reft upon one and the #4 1° 


fame Plane, that they may not all go off at once, but by Intervals one af- 
ter another. The Chamber of the Firft towards the Right Hand, fhall 
be Subquadruple of the Laft towards the Left, as well in thofe of Pa- 
per as thofe made of any thing elfe. As for the Proportion of the 
Chambers between the Firft and the Laft, they gradually increafe in 
going upwards, and confequently the Compofitsin in them mutt increafe 
in Proportion: ‘Fhis may be réadily ¢onceived by the Oblique Lines 
b and c, upon thé ore and the other Scenographical Figure, which are 
Parallel to two other Oblique Limes diftinguifhed by d, and which ter- 
minate all their Heights in fuch manner, tKat they are all of an equal 
Capacity, with regard to that Part of them which is filled with Corn Pow- 
der. ‘The Inequality of their Chambers fhall be then contrived as we 
juft now ordered, and fhall be filled with a flow Compofition, which we 
have already given you, or elfe with the following Compoftion. | 
Take of Meal Powder 3 Parts, and of Coal one Part, beat them and 
incorporate them well together. Carry this Compoftion into fome damp 
Place; 
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Place, that it may contract a litcle Moifture, and by that means be the 
more eafily confolidated ; or elfe you may fprinkle it over with a little 
Oil of Petrol or Linfeed. 

In the Iron Crackers you muft have little Iron Partitions to feparate 
the Compofition from the Corn Powder : Thefe Partitions muft be pierced 
in the Middle, that the Fre may have Conveyance -to the Corn Powder. 
In Paper Crackers what we call the Priming-Chambers and Orifices, muft 
be made juft after the fame Manner as we choak Rockets, with this Dif- 
ference only, that they muft be choaked clofer in thefe than in thofe, 
according to the Size and Quality of your Crackers. 

Fig. 107. As for thofe which you fee in Fig. 107, they are filled only with Corn 
Powder; and ftopped well up at Top with Paper or Tow, and have a 
Vent-holes at Bottom where they receive the Fire. 

Fig- 108. In fhort, thofe Crackers which you fee in A Fig. 108 are clofed up 
both at Top and Bottom with thin Iron Plates, which muft be well fol- 
dered to the Tube, and pierced. As to the Method of charging them, 
you make an Hole in one Side of them to put in Corn Powder. 

That which you fee in B, muft be ordered after the following Man- 
ner: After having choaked it clofe up at Bottom with ftrong Pack- 
thread or Cord, fill ic up with Powder, and choak it clofe at Top. This 
done, bore an Hole through the Side of it, into which you fhall put a 
lictle Iron or Copper Fuze filled with Meal Powder. Thus you will 
have your Crackers ready for Ufe, and properly adjufted. 

Sometimes inftead of Crackers we ufe hollow Leaden Bullets (which 
are mere Grenado’s) which are filled with Corn Powder; we have ap- 
plyed feveral of this Sort to our Water-Glodes in this Book, Chap. I. Be- 
fides thefe there are others made in Form of a Cube, fome of a Tetrahe- 
dron, others -of a Prifm, and in many other Shapes Regular and Irre- 
gular, , 
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PART IL of this BOOK: 


Which TREATS of 


FIREGLOBES: oo BALLS 
PREPARED FOR 


MILITARY USES 


Oe, Beary F Purpofes is almoft infinite, fo that it is apotble « to 
oe give an Account of them all: For which Reafon I fhall on- 
~~ ly touch upon fome of the-beft and. principal of them; but 
more particularly upon thofe which are ufed in our Days ; which I 
fhall in this fecond Part of this Book, delineate and explain to our Py- 
robolift with all the Petfpicuity and Accutacy I am able. I thall allot 
a Chaptet to each Sort of them, in Confideration that they differ pretty 
much from éach other in Effeét; and are diftinguifhed accordingly by 
particular Appellations. | 


Of Hand-Grenado’s. . 


SORT L 
ne to the Form of Hand-Grénddo's, it is perfettly Spherical, as is 
alfo the Cavity in the Middle of them; and they are called Hand- 
Grenado’s from being grafped, and thrown by Hand, to anrioy the Ene-. 


my. If we would ftick to the Latin Denomination of them, we fhould 
call them Palmary Grenado's, becaufe their Hemifpheres commonly fill 
Hhh 
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up the Palm of the Hand; for they are ufually of the Size of an Iron 
Bullet of 4, 5, 6 or 8 tt. They fometimes weigh 1 tb or 1 + 1b, and 
fometimes 2 or 3 If. They are called Grenado’s from the Refermblance 
they bear to the + Punte Fruit which we call Pomegranates; for as the 
Rind of thefe inclofes a vaft Number of Grains, from whence they de- 
rive their Name of Granates; fo our Military Grenado’s are filled with 
innumerable Grains or Coens of Gua-powder, which taking Fise, burft 
them ‘into a thoufand Splinters,’ which fly againft, and érievoully opprefs 
the Enemy; therefore Leonard Frontzberger in his Artillery calls them 
fpringende and fchlagende Kugelen; which is as much as to fay, /eaping 
or bounding, or rather ftriking Balls, if we may fo exprefs ourfelves. 
Now this laft Appellation of thefe Balls may be very properly applyed 
zo all the greatér Grenado’s; which doubdefs horrowed thejr Name 
from the fmaller Sort, which have a greater Natural Refemblance to 
the Punic Fruit above-mentioned than the Larger have: Add to 
which, that it is certain the Small ones were ufed before Men (induftri- 
ous to each other’s Ruin) invented the Great ones. And indeed we do 
not find the leaft Footfteps of the great Grenado’s amongft the ancient 
Pyrobolifis; tat their Writings make ample and particylay mention of 
the {maller as what they were perfectly well acquainted with, tho’ at 
the fame time it muft be confeffed that they called them by other 
Names, and treated of them in a different Manner from us. Boxhornius 
relates fomething which agrees pretty well with our Sentiments con- 
cerning Hand-Grenade's i in his Hiftory of the Siege of Breda in the Year 
161 

Grenado’ s (fays he} which we have fo often mentioned, derive their LAp- 
— on from their Refemblance to Pomegranates; and are hollow Iron or 

rafi Globes, the Diameter of whofe Cavity is 3 Uncie or Inches, and 
whofe Thickne/i of Metal is 3 Lines. They are filled with Gun-powder, 
and fometimes with particular Compofitions ;. 1 their Vents they have 
Fuzes which are flow indeed in Combiiftion, but very fufceptible f Fire, 
and calculated to burn for fome time, to avotd the danger of their burfting 
in the Hands of thofe who throw them. The fame Author fays in another 


| Place, That they forbore to throw thofe Balls which derive their Name 


from the Punic Apple; becaufe as they required a good deal of Powder, and 
the Befieged falling fhort in that aii they could not afford to fupply 
them with it. 

But it were to no pirpole to ‘dwell any longer on the Etymology 
of thefe Balls, fince every Body knows what is meant by them. Let us 
then proceed to the Order obferved in the Preparation of them; which 
indeed is. fomewhar .needlefs after what we have quoted from ‘Boxbor- 
mus: But however I muft beg Leave to add three or four Words which 
fhall favour more of “Pyrotechnics than.of Hiftory, | : 


t Tais ix the fame with African and Garthasizion, — 
aonee a ee With 


Book IV. Of the Great Art of ARTILLERY. att 


With regard then to the Matter of which they are formed, Hand-Gre- 
nado’s may be faid to be of three Sorts; the Firft and moit common of 
which are made of Iron; the Second of Brafs mixed and allayed with 
other Metals; and the Third af Ghfs, . If you would have them of Iron, 
they muft be the moft brittle and the leaft wrought thet they can poffi- 
bly be. If you would have them of Brafa or Copper, you muft mix 
6 Ib of Copper with 2 Ib of Tin and half a ib of Marcafite; or elfe it 
fhall be one 16 of Tin, with 3 Ib of Lattin. Thofe which are made 
of Iron, fhall have their Metal throughout, of the Thicknefs of ; of 
their Diameters. Thofe which are made of Brafs fhall be 4s. And thofe 
which are made of Glafs, fhall be + of their Diameters in Thicknefa, as 
may be feen in the Fig. 109 under the Letters A, B and C. Fig. tog. 

The Diameter of the Vent thall be : of the Diameter of the Gre- 
nado; and the little Hole thall be t of the fame Diameter: It is through 

-¢his that the Body of the Grenada is filled with Corn Powder. 
_ The Fuze which you {ee in the Letter D, fhall have its Diameter 
from Ourfide to Outfide § of the Diameter of the Grenado, or it thall be 
a lictle lefs that it may eafily flip down into the Vent. The Length of 
this Fuze thall be ¢ of the fame Diameter ; and the Hollow of it thall 
be ;, and the Top of it fhall bea concave Hemifphere, as may be feen 
by the abovefaid Figure. This Concavity muft be filled with Powder 
finely mealed, which muft be moiftened with a little Gum or Glue We- 
ter, that it may ftick together the clofer. Ag for the Body of the Fuze 
-jrfelf, ic thall be filled with one of the Compofitions here-under given ; 
then capped with Tow, and fome of that Pyrotechnic Cement which the 
Germans call Kst; which is made of 4 Parts of Ship Prtch, 2 Parts of 
Coalophone, one Part of Turpentine, and one Part of Wax; chefe are all 
put into a glazed Earthen Pot, melted over a flow Fire, and mixed and 
incorporated well together, 


Compofitions for the Fuzes of Gren 


Of Powder one ib; of is one Ib; of Sulpbur one Th, 
Of Powder 3 Ib; of in 2 1b of Sulphur one ib. 

; Of Powder 4 1b; of Pore 3 Ibs of Sulphur 2 TB. 
Of Powder 4 ib; of Salpecer 3 tbs of Sulpbur one tb. | 


SORT 
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The Hand-Greriado I am now going to defcribe, differs in no réefpect 
from the former, excepting in its Fuze, which is otherwife contrived, 
and which together with fome other minute Circumftances, is all that 
conftitutes this, a Grenado of a different Sort from the foregoing. We 

Fig. 110. have given you a Reprefentation of this in Fag. 110; in the Preparation 
of which you are to take Notice of the following Rules. Firft, get a 
Wooden Fuze made (though it may be of fome Metal if you will) 
whofe Length is equal to the Diameter of the Grenado, and its Breadth 
equal to the Diameter of the Vent; but it fhall be thicker and larger 
-at Top by ! of a Diameter, where it is to be hollowed out in a Concave 
Hemifphere. : The lower Part of it; which is to go down into the Gre- 
nado, {hall be bored with feverat Holes which fhall be filled with Meal 
Powder. This done; fix it in the Grenado in fuch mianner that the © 
‘lower End of it may reft upori thé Bottom of the Shell, and fecure it as 
we faid before; then fill the Grenado with good Corn Powder, which 
you are to do by a little Hole on one Side of it, which fhall afterwards 
be ftopped up with a little Wooden Pin ot Spile which muft be very 
‘forcibly driven in. The Head of the Fuze fhall be crowned or adorned 
-with Sprigs of freth and green Box, which thall be tied with Packthread, 

to keep them faft whilft they are handled. 

When you would put thefe Grenado’s in Praétice, take a little End of 
Match, of fuch Size as to be able to flip readily down the Hollow of 
the Fuze, and tye a little Leaden Bullet to the lower Extremity of it. 
Then light your Match, and as foon as it has acquired a good Coal, put 
ic into the Fuze with its Bullet downwards, and throw the Grenado 
where you think fit; and be affured, that as foon as it ftrikes againft the 
Ground, the Leaden Bullet and its Match will fall down in the Fuze, 
and by lighting the Mea/ Powder in the Side Holes of it, will fire the 
Grenado and fplit it into a thoufand Pieces. The Sprigs of Box are not 
defigned fo much for Ornament as Ufe in this cafe; for they ferve to 
keep the Vent of the Grenado upwards, or in a Vertical Pofition whilft 
it isin the Air, fo that falling upon its Bottom, it may fhake down the 
Leaden Bullet, and confequently the Match with it : This Contrivance 
may likewife be of Ufe to other Bodies which are to fall down upon 
Horizontal Planes. 

This Grenado is moft frequently armed with Leaden Bullets that is, 
the Outfide of ig is covered with them, that it may do the greater Exe— 
cution. “In order to do this, you mutt firft coat the Grenado with mel t— 
ed Wax which muft have a certain Quantity of Colopbone mixed with 
it; into which you may fink as many Mufquet Balls as you pleafe whilft 
it is cooling: Then wrap the Whole up in a Cloth, and bind it well 


. found with Packthread. 
4 SORT’ 
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In Figure tri, I bive’ you the Reprefentation of a Hand-GrenadoFig. 111. 
(though it may be of a larger Size if you will) which may be privately 
hid at the Entrance of any Avenue, or in any narrow Paffage, through 


which you expect the Enemy. to come. -This Grenado has two Holes 


Diametrically oppofite to each other; through whieh paffes a Wooden 


or Metal Fuze, pierced all round with Holes, primed and falted over 
with Meal Powder; through this Fuze you draw a piece of common 


Match lighted at one, End: The Vertex of this Grenado has a Third 


Hole (or Vent) where you fill the Cavity of it with Corn Powder, which 
being afterwards firmly {topped up with a Tompion, your Grenado will 


be prepared. I believe I need not teach you the Ufe of this, which 
you may eafily gather from the Figure itfelf, and which Bpon occafion 


Necefflity may fuggeft to you. 


COROLLARY. 
How to Throw or Dekver Hand-Grenado’s. 


AFTER our Definition and Defcription of thefe Grenado’s, we need 


not tell you that they are grafped and thrown by Hand, at fuch 
times:as the Enemy is within the reach of your Strength: Nor need we 
tell you that they are both Offenfive and Defenfive Arms, which thofe: 
who know nothing of the matter, may learn from fuch as have been 
prefent at Sieges: We fhall only add, that Hland-Grenado’s are very 
much ufed after the happy Sugcefs of a Mine, which has made a Breach 
in fome Rampart, thrown down a Wall, or blown up a Baftion ; it is 
then that they are ufed to clear the Way in mounting the Breach : It is 
upon fuch occafions, that you fee the moft generous and brave of 
each Side, armed with Fire and Flame, valiantly maintaining the 
Caufe of their Prince, the Intereft of their Country, their Liberties and 
their Lives. Or when the Befiegers have got to the Foot of a Rampart, 
and are obftinately bent upon infulting it, and infenfibly fcale it; (being 
covered by the Rampart itfelf from the Defences of the Flanks :) It is 
then that the Befieged are to fhower down Grenado’s upon the Enemy, 
and of which the Befiegers are to make the beft returns they can, to 
procure themfelves a free and fafe Paflage; as was not long fince feen at 
the Siege of Hulft, which was taken by the Hollanders. But it is impof- 
fible to enumerate the feveral particular Ufes of Hand-Grenado’s in the 
Occurrences of War, and efpecially when both Armies are fo near as to 
be almoft at eos Mai with each other. It it fometimes neceflary to 
Iii throw 
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throw them at great diftances; but here I mean one after another: I 
fhall hereafter fhew how to throw feveral together, which being a Work 
unequal to the bare Strength of a Soldier, the Mafters of this Art have 
invented little convenient Machines for that Purpofe ; the beft Sort of 

Fig. 112 which I reprefent i in Fig. 112, after having made fome neceflary Addi- 
tions to it. With this Machine you may not only throw Hand-Grenado’s, 
but feveral other Sorts of Military Fire-Works, fuch as Light Balls, 
Bombs, Fire-pots, Fire-hoops, Garlands, and Crowas, and feveral other 
fuch like things, which we fhall fpeak of in their proper Places. 

There is nothing difficult in the Conftruction of this Machine, and it 
may be eafily comprehended by the Figure itfelf : I thall only add, that 
fo much the longer that Arm of it is, which is made in the Form of a 
Ladle (into which the Grenado is to be put) than the other Arm to 

' which the String is faftened, fo much the more powerful will it be. 
You muft here underftand their Length to be meafured from the Center 
of the Iron Spindle, upon which they turn, to one and the other Ex 
tremity of the Arms; and in this they imitate a Balance. 

Boxhornius alfo mentions, in the above-quoted Place, a certain new in- 
vented Machine, made like one of our Mortars, and well fortified with 
Iron Rings, with which they fhot Hand-Grenado’s into Breda during 
the Stege. And it is not long fince we faw at the Siege of Hulf, and 
fince then at Murp/fey, which js a pretty ftrong Place, a like Machine 
conftruéted by a bold Englh/b Soldier, who prefented it to Frederic 
Henry, Prince of Orange, of immortal Memory; of whem this Engli/b- 
man demanded 100 Dutch Florins for the Trouble he thould take, and 
the Danger he fhould incur in throwing his Grenado’s: In fhort, he 
obtained his Demand, and began to play his Machine; but to fay the 
‘Truth, he did it fo aukwardly, and with fo little Judgment, that the 
greateft part of his Grenado’s either did not reach the Place they were 
defigned for, or broke in the Air; which was attributed to the Defect 
and Imperfection of the Engine, together with the Ignorance of the En- 
gineer who wanted Skill to govern it. 

We fhall, in the Second Part of our Work, give you a Treatife upon: 
Mortars, in which we fhall take occafion to fpeak of a little Machine of 
our Contrivance, more perfect and artificial than this, for projecting 
Hand-Grenado’s, or greater Shells if you will, and to throw them juft: 
where you pleafe: But that for which it is as ufeful as admirable, 
is its being able to throw feveral at once, as for inftance 7 at a time, 
or one after another according as the Exigence of Affairs requires ; to- 
which I for the prefent refer the Reader who is fo curious as to want 
the Conftruétion of it. | 

But upon the whole I cannot help admiring at the rigorous Sentence, 
which the firft Inventors of our -Art pafled upon the Warlke. Ma- 
chines of the Ancients, as if guilty of fome notorious Crime, for which 
they refolved entirely to-banifh them. from the Modern Arts. of War ; 


and 


po 
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and to carry their Contempt of them fo far, as to burn them ignomi- 
nioufly in their Kitchens, that there might not remain any Footfteps of 
them ; conceiving perhaps that their Succeffors; convinced of their In- 
nocence, might one tithe or other recal them from Banifhnient, if 
they were not utterly deftroyed, And indeed if the Writings of fo 
miany great Men their Contemporaries; who had feel thelr waorider- 
ful Effects, did not bear withefs of the great Services they did; whilf 
they were in their greateft Splendor and moft venerable Majetty, 
we fhould never have known any thing relating to their Conftradtion. 
An ungrateful Return fure they meet with, for their great and migh- 
ty Performances! Muft Contempt be the Reward of their illuftrious 
Executions, by means of which Rome became Miftrefs of the World, 
and triumphed over Nations and Kings till then Invincible? No: 
it would be in vain to dwell upon this Subject; they have fuffered 
great Injuftice, and ftill. continué to fuffer it, atid are now not even 
admitted into the moft inferior Clafs of the Servants of -Mars and 
Bellona, but are totally- rejected, ahd condemned to an inglorious In- 
activity; and are fo far funk in Point of Reputation, that whofo¢ver 


‘offers any thing in Favour of them, is {neered at by a Pack of ignorané 


Fellows, who openly fcoff at the great’ Exploits they formerly did, and 
look upon them as Romances and old Women’s Tales. 

But to what purpofe do I wafte my Time in defending the Caufe of 
thofe injured Inventions? Lspfus, the greateft and beft Judge that evér 
was of the Ancient and Modern Arts. of War, has fufficiently pleaded: in 
their Behalf; to whom we are infinitely obliged for the Trouble he 
has been at in tracing out the Ufes and Services of them: It i¢ fron» 
him that we have collected fo rich a Store of what concerns the won- 
derful Machines of the Ancients, and which we hall dwell upon when 
we come to compare them with ours. My fole Defign at prefent is to’ 
evince, that all the Sorts of Grenado’s, and the other Pyrobolical Invén- 
tions in prefent Ufe (which might be projected by the Sings, and + Fans’ 
dibah of the Ancients but not by the Baie) may be flurig very Conve=: 
niently to very great Diftances. 

Firft then ; I beg of you to liften to what: I am going to fay of the: 
furprizing Strength and admirable Effects of Sings, which indeed are fo’ 
very great, that when I firft read and confidered them, I was perfectly 
tranfported. Ovid fpeaks fomewhere of thenr to this Purpofe. 


| Non fecus exarfit, quam cum Balearica Plumbum 
Funda jacit, volat illud & incandefcit eundo 
Et quos non babuit, fub nubibus inventt Ignese 
In Englifh thus: 
It burns, as when from Balearic Thong, 
The pond’rous Lead with nervous Force is flung ; 


t+ Thefe were a kind of Slings. - a 
Which 
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Which flies and whiftles through the airy Height ; ; 
And glows with raging Heat contracted in its Flight. 


By this it appears, that in his Time they ufed the S/ing for Leaden — 
Balls, which were. perhaps filled with Combuftible Matter, fince he fays 
that they took Fire in their Flight, and acquired a Flame in the Air by 
their violent Motion. Lucan fays as much: 


Inde faces, & faxa volant, fpatioque folute 
Aéris, & cahdo liquefatta pondere glandes. 


In Engl:/b thus : 


There Fiery Darts, and rocky Fragments fly ; 
_. And melting Bullets whiftle thro’ the Sky. 


- All thefe Ftre-Brands or Darts, Flying Stones, Melted Bullets, which 
he here {peaks of, were the true Fire-Works of his Time, which they 
fhot at the Enemy with Sigs, or fome fuch Contrivance. 

, I fhall pafs over feveral other Authors, the Teftimony of whom is col- 
lected by * Lipfus to prove what he fays of Sings. But I cannot omit: 
what + Seneca fays in his Natural Queftions. Motion (fays he) rarifies the 
Air, and that extreme Rarefattion generates Heat: Thus a Bullet pro- 
jected from a Sling is melted by the Attrition of the Air as much as it 
would have been by Fire. Does not this appear very ftrange? Surely if 
we had not the Teftimony of fo many great Men, we fhould at once 
look upon thefe as Romantic Fables. ‘fo/eph Quercetan feems to think 
them Fabulous in his Book of the Carbine, where he difputes againft 
|| Arifotle; who fays, That the Darts and favelins were fo heated by the 
Friétion or Attrition of the Air, that they were hot enough to melt Lead. 
This, Quercetan flatly denies ; inafmuch as Experience teaches the con- 
trary, by fhewing that Mu/guet Balls, &c. which are projected by Fire, 
and that with greater Violence (thefe are his Words) than any Arrow or 
Dart can be fhot, are not heated to that degree. Let us now examine 
into the Weights, Sizes, and Qualities of thefe Bodies ; and at the fame 
time we fhall fee how far the ancient Sigs could throw them; which is 
partly the End and Aim of this Effay. 

— Diodorus Siculus {peaking of the Inhabitants of the |||| Balearic Ifland,, 
fays, tt That they were the moft dextrous People in the World at flinging 
great Stones. The fame Author fays elfewhere of thefe Iflanders, That 
they had acquired fuch a Perfection in the Exercife of the Sling, that they. 
could caft great Stones with jee Strength and Violence that they fecmed 


* Lipfius Lib. V. Dial. feu Coll. XX, de Mil. Rom. t Sen. Cap. LVI. 
{| Aritt. de Carlo, Cap. VIL [||] Thefe are now called Majorca and Atizorca. 
tf Divd, Sic, Lib, VI. | 


rather 
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rather to be fhot from + Catapulte, fo great and: violent was the Blow 
they gave! which broke Shield, Helmet, and every other kind of Armour, 
though never fo well tempered. An uncertain Author in Swidas, fays of 
the fame People, That they flung Stones of the Weight of a Mina: By 
which he means an 4ftic Mina; which weighed 100 Draws, as we have 
faid elfewhere ; but Ce/ar calls them Libral/ or Pound Slings. So much 
for the Weight of the Stones,they ufed to fling; which, according to 
what we have faid above, agrees pretty well with the Weight of our 
Hand-Grenado’s. We are told alfo that befides Stones, They ufed 
to fling Leaden Balls at their Enemies, without the Affiftance of any 
Engines but their Funde or Slings ; which we cannot compare 
with any thing more properly than with our Grenado’s. An uncer 
tain Author in Suidas fays, That the {.Cadurci were reckoned the beft 
Slingers ; and that they could caft Stones and Leaden Balls to that Nicety 
as never to mifs their Aim. They had farthermore a way of flinging 
Pots full of Fire, into the Places they Befieged when they were near 
enough to do it, or had got Poffeffion of the Outworks : But I cannot 
avoid thinking that thefe Fire Pots were heavier than our Grenado’s. 
Appianus in his Lébic. fays, That the Romans had raifed high Terraffes 
oppofite to thofe Towers ; from whence they threw a great Number of lighted 
Torches and Fire-Brands, together with Veffels full of Sulphur and Pitch. 
And Dion. in Lib. XX. {peaking of the Time when the Romans befieged 
the Capitol, which their Slaves had poffeffed themfelves of, fays, That 
there were Thofe who flung Veflels full of Bicamen and boiling Pitch from 


the Houfes in the Neighbourhood of the Capitol. However this was, we 


mutt believe it fince they fay it: But all thefe things were only fo many 
Forethoughts of our Hand-Grenado’s. You will find ftill fomething far- 
ther to this Purpofe in || ‘fultus Cefar’s Commentaries, where he fays, 
That agreat Wind rifing, the Gauls began to fling upon our Cabbins and 
Hits (which were only thatched with Straw after the Fafbion of the Coun- 
try) bot Balls which were made of a fufible Earth; and at the fame time 
showered a vaft number of very bot Javelins upon us. But Lipfus is of 
Opinion, that this ought to be rendered Earthen Veffels filled with melted 
or boiling Matter. Orofius {peaking alfo on the fame Subject, fays, That 
they took red-hot Pots or Earthen Heads, and threw them at their Ene- 
mies. | 

It was thus that the Romans and the moft Warlike Nations their Con- 
temporaries ufed the Siig, as well in attacking their Enemies as de- 
fending themfelves. If you would know in what great Efteem they 
were held within the Memory of our Fathers amongft our Northern 


217 


Neighbours, even fince the Invention of Gun-powder ; confult Olaus the - 


ereat Archbifhop of Up/a/, who was one of the moft learned Writers 


¢ Thefe were Warlike Engines to fhoot Darts or Stones. 
t The ancient Inhabitants of Gwienne in France were formerly fo called, 


{| Jul. Caf Com, VII, 
Kkk thac 
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that ever lived in the North; and who fpeaks in thefe Terms: -F The. 
Aquilonians, or Northern People, when they defign to befieze fome Town, or 
attack a Camp, have certain flexible Chains, or a kind of Links and feints 
of Iron made faft to Sticks or Staves, which they prefer to all other Arms, 
particularly when the Country is fiony. But in Such Places where they can 
get no Stones nor Pebbles (which feldom happens in tlofe Parts) they fling 
pieces of red-hot Iron, which they put into the Pucks, of their Shugs with 
Pincers. You always fee them with a certain Veffel in their Hands made like 
@ Roman Barrel, full of Crufts and Pieces of Iron, which beins heated red- 
hot, and flung at the Enemy, they make fo ftrange and dangerous a Wound, 
that whoever has the Misfortune of being ftruck by them, muft hope for no 
Help from any Phyfician or Surgeon. And the reafon why this Iron 
wounds fo dangeroufly and irrecoverably (obferve this) is becaufe of its 
Weight and the Aduftion it caufes in the Part. The Remembrance of an 
Event like this, is ficll frefh in the Perfon of Chriftiern the Id King of ' 
Denmark, who loft a mighty Army in the Year 1521, at the Ciry and 
Camp of Arofen, dy means of fuch contrived Arms. For bere they did the 
fame with burning Darts, which being taken with Iron Pincers from 
the Fire, and put upon Ballifte (for they promifcuoufly ufed the an- 
cient and modern Machines together) they were fhot from them, and 
wounded the more incurably, according to their degree of Heat, which 
made it fometimes impofible to draw them out with the Hand: But what 
was the moft difaftrous and dreadful; thefe burning Darts and Pieces of 
red-hot Iron, falling upon their Gun-powder it was tnflantly fired, and 
went off with a deafning Clap, and burned and fiifled all the circumadja- 
cent Soldiers; and what fill added to their Misfortune, was the Incurfions 
and Outrage of the Mountaineers, (a Savage Brutal Race bred in Subter- 
raneous Caverns and Mines) who overwhelmed them «with Darts, S tones, 
and Pieces of hot Iron, which they fhowered upon them with their Slings, I 
Jaw (fays he) 250 Italian Miles from thence, feveral that were brought by 
Sea to Stockholm ; @ moft terrible Sight to behold! fome were without No- 
Ses, others had loft their Eyes, thefe their Arms, and thofe ther Legs: In 
Jhort, their Wounds being incurable, the Germans, Scots and Danes in 
particular, died in the utmoft Mifery.. 
Let us now have done with the Size, Weight, and Quality of the Bo- 


dies that were ufually thrown from the S/ings of the Aucients: And indeed 


J believe I have faid enough on this Subject for you to draw fome Con- 
jecture of the Diftance they could carry, as well as of their Certitude 
of hitting what they aimed at. But { Vegetius fpeaks very plainly of 
this Matter, when he fays, That the Archers and Slingers Jet up a fmall 


- Fagot, or Bundle of Straw for a Mark » from ubich they retired to the at- 


fiance of 600 Foot, and hardly ever miffed it with the Arrows they /bot, or 
the Stones they flung. We read alfo in Holy Writ, |] That among the In- 


F Olaus Lib. VII. Cap, VII. + Veget. Lib, II, Cap, XXIII. I Judges Chap. XX. ver. 16, 
a babitants 
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habitants of Gibeah there were feven bundred chofen Men left-handed, eve- 
ry one of whom could fling Stones at an bair’s-breadth and not mifs. The 
Roman Surveyors had moteover a certain Meafure which they affigned 
to Fields and ‘Grounds, which anfwered .to the Caft of a Sling ; from 
whence they called a Farm with all the Tillage belonging to it, Fun- 
dus, (which the French at this Day call Fonds ;/) whofe Breadth and 
Length was'a Sling Caft. Thofe who know any thing‘of this Meafure, 


' affirm that ‘it was'600 Foot. We firid fomething to this Purpofe in Ru 


tilian in Focul, in thefe Words. 


Fimdum Varro vocat, quem pofim mittere Funda 
Ni tumen exciderit qua cava funda patet. 


But to what Purpofe fhould we dwell ahy longer tpon the Power and 


Properties of the S/img? Let iis now try whether or ho, we can, ac- _ 


cording to the Rules of Modern Aréhitecture, conveniently fling Grena- 
do’s from ‘our Lines of Approach into the Enemy’s Intrenchments. Firft 
then it isa general Rule amongft our Military Architects or Engineers, 
to begin their Lines of Approach at the diftance of 60 Rods. from the 
Place Befieged; if the Situation of it will not permit to break Ground 
nearer without Danger. This Diftance is equal to the Level Range of 
Bodies projected from Sings; for it is thus that you muft underftand 
what Vegetius {ays above of the Exercife of the Rovian Soldiers ;. which 
alfo is taken Notice of by feveral other Writers: And it is likewife with us 


the Practice of our Mufqueteers, to exercife themfelves at a Mark fet up 


at about the Height of a Man, frorn whence they retire 206 of 300. -Pa- 


ces, to acquire a Cereainty in their Aim, and to familiarize thé thing to 


them, when they come to engage with the Enemy Fate to Face. But 


as this Method of aiming is quite different from the Projection of our 


Hand-Grenado’s, the formet being Parallel to the Horizof, afd the latter 
in a Curve, in which the Body falls into the Enemy's s Works, we muft 
find forte other way of doing it: 

Now it #8 very evident ftom the Obfetvations on the Shots of our 
great Guns, &e. that the Line of Shot which the French call, de yi- 
vean, atid the Italriris; de ponto in bianco, and We, foint blank, is the 
Tenth Pare ot thereabouts of the unnoft Random, at an Elevation of 
45 Deg. 

It is farther ceftain; chat all Projectiles obferve one conftant Proporti- 
on: Therefore if any one takes his Aim, to fling an Hand-Grenado af- 
ter having fwiing it a few times round his Head; and endeavours to 
throw it at the diftance of 6000 Foot, ot 600 Rods, which is tén timiés 
as far as the Spot whefe you begin your Lines of Approach is from the 
Place befieged ( provided always that ic does not éxcéed 60 Tosfes or 
Rods, or 600 Foot) I do riot it thé leaft doubt that ic would falt within 
the Enemy's Walls; for dll Thofe who ufe the Sling, or chrow any thing 


with 
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with the Arm only, are naturally led to projeét it in an Angle of 
45 Deg. or thereabouts. But fuppofe they were to be thrown to the di- 
ftance of 30 or 40 Toifes only ; who will deny that it may be very 
conveniently done by Slings ? Provided they are always ordered and di- 
rected in the fame manner as our Mortar-Pieces, when we would fhoot 
Bombs, great Grenado’s, and other Pyrobolical Balls from them to little 
Diftances; that is, you muft allow them the fame Elevation; which is 
a Dexterity and Knack that might be eafily acquired, partly by a pre- 
vious Knowledge in Gunnery, and partly by continual Practice; for it 
was doubtlefs by Ufe and Cuftom that thofe Foreign Nations attained 
fuch Skill in handling the S/ng, as enabled them to do fuch mighty Ex- 
ploits, and to perform fuch terrible Execution with it as they did. 

I muft confefs, this is a Point which requires fome Prolixity in the 
treating of it, but becaufe I do not think this a proper Place for fuch a 
Difcourfe I fhall proceed farther on: And in the mean time only ob- 
ferve in what manner, the S/:mgs being loaded with a Hand-Grenada, 
the Slingers may fo contrive as to project them from the Trenches into 
the midft of their Enemies. In order to this; lodge your Slingers up- 
on the moft advanced part of the Lives, in fome Place where they may 
be in Safety, and under the Covert of a good Parapet; as for Example, 
in-fome Redoubt whofe diftance from the Top of the Gabions on the 
Enemy’s Parapet fhall be 500 Foot. Now that we may not feem to be 
too hard upon our Soldiers, whofe Arms are not yet formed to this Exer- 
cife, and that they may not think we would impofe Impoffibilities on 
them, we will fuppofe that our Hand-Grenado’s cannot be thrown to a 
greater Diftance than 100 Foot ; therefore (according to what we faid 
above) if they be projected at an Angle of 45 Deg. they muft defcribe a 


-Curve of 1000 Foot: But as a Diftance of 500 Foot requires that the 


Arm of the Slinger fhould deliver the Grenado at an Angle of 10 Deg. 
(or 3 of a Quadrant) beginning from the Center of the Arm that flings ; 
therefore if the Slinger ftands upon the Spot which terminates the Di- 
{tance of the Place as aforefaid, at 15 Foot from the Parapet of the 
Lines of Approach, and if from that fame Point there be a Stake 
planted whofe Height exceeds the meafure of the Slinger from the Sole 


~ of his Foot to the Center of his Arm by 2 Foot 8 Inches, and whofe 


Pofition is perpendicular and directly oppofite to the place where you 
fend your Grenado’s (or elfe they will go wide of your Aim,) and if the 
Slinger remains fixed in that Point, and after having fired the Fuze of 
his Grenado in the Purfe of his Sling, he gives it one Turn only, and 
then throws it towards the befieged Place, in fuch a manner that the 
Grenado (every time he delivers one) almoft touches the Top of the faid 
Stake, and if he has always the End of it for a Mark, he will never 
fail of fending his Grenado’s to the Place they are defigned for ; provided 
they are of equal Weight, and that their Fuzes are fo ordered, as not to 
fire them before they are arrived at the intended Length, Now the 

Fire 
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Fire of your Fuze will never go out if you fill it with one of the Com 
pofitions that we have given above, which I can venture to affure you of, 


having often ufed them with Succefs for the Fuzes of great Shells that - 


are fhot from Mortars, whofe Motion you may believe is none of the 
flowett. 


REMARK I 


By what we have faid of the Stake driven perpendicularly into the 
Earth, you are to underftand that the Height of 2 Foot 8 Inches, over 
and above the Height of the Man from the Sole of the Foot to the 
Center of the Arm, is a Perpendicular in a rectangled Triangle, whofe 
Bafe is 15 Foot: The Angle intercepted between the Bafe, which be- 
gins in the Center of the Arm of the Slinger, and the Hypothenufe, 
which is the Hand that is lifted up with the Sling, is exactly 10 Deg. 
to which Angle, the Perpendicular beforementioned is direétly parallel 
or oppofite. The farther the S4nger removes from the Perch or Stake, 
the longer will the Perpendicular be; and on the contrary, the nearer 
he approaches to it the fhorter. What I have here faid, is by way of 
Example only, inafmuch as Bafes of various Lengths require different 
Perpendiculars. 


“REMARK IL 


You muft meafure the Diftance between the Slinger and the Tops 
of the Gabions on the Enemy’s Ramparts in fuch manner that there 
may be a Space of 15 Foot moreorlefs between himand the Parapet of the 
Lines of Approach, which Bafe fhall be terminated by the Stake above- 
mentioned ; left meafuring the Diftance from the Inner Height of your 
Parapet, you be obliged to expofe yourfelf to evident Danger, by plant- 
ing the faid Stakeon the other fide of your Gabions: But this may on 
the other hand be done within the Befieged Place. | 


REMARK JUL 


The Strings or Reins of your S/ings may be of Lengths futable to 
the Diftances of Places, according to the Practice of the ancient Inha- 
bitants of the Balearic Iflands, who knew very well how to lengthen 
and fhorten their S/mgs as occafion required, if we may believe + Filo- 
rus, who tells us, Upon Warlike Occafions they ufe three Sorts of Slings, fo 
that it is no wonder they are fuch good Mark’s-Men, efpectally when we 
confider they have no other Arms, and are trained up to the Sling from thé 
Cradle;.and to harden them, tt 1s the Cuftom of the Mother never to give 
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ber Child any Viétuals till foe foews it him with a good Blow. But let us 
hear what Strabo fays of thefe Iflanders; They carry three Slings twifled 
about their Heads, the Reins of one of which are very long for great Di- 
frances ; of the other very fhort, for fmall Diftances; and of the third of amid- 
dling Size between the two former, for middling Diftances. Diodorus would 
have them wear the Shorteft round the Head, the Longeft like a Girdle 
round the Middle, and carry the Middling one in their Hands. 


REMARK IV. 


Nothing can be more convenient or certain for throwing Hand-Gre- 
nado’s than the Shing ; for we have often obferved, that when they are thot 
from Machines like Mortars, they are apt to break before they are pro- 
jected, to the great Damage of the Machine, and Danger of the Perfons 
who play it. If on the other Side they are delivered from the Hand on. 
ly, what Difafters are not thofe liable to who are obliged todo it; befides 
thofe to which they are already expofed? The feveral Sieges of our Time 
have all furnifhed us with difmal Inftances of the Ruin and Death of 
many a brave Fellow, to whom this Iron Fruit was more fatal, than 
hurtful to their Enemies: In good Truth, if my Mafter was here 
who taught me the firft Rudiments of this Neb/e Art, he would be ve- 
ry ready to back what I have here offered, and (I dare fay) would tell. 
you, that if it had been the Cuftom in his Time to throw Grenado’s — 
with a Shng, he had never loft his Right Hand. Befides the Sing, I 
approve very much of certain little Machines not very unlike the Ba- 
life of the Ancients; fuch as we have already aeeabeds therefore I 
thall curforily touch upon them. 

We fhall in the following Chapter treat of the great Cia ial 
are ufually projected from Mortars; but I muft by the way take Notice 
that they may be very conveniently fhot from the Balfe of the An- 
cients, I fhall in Book I. Chap. I. of the Second Part of our Arti]- 
lery dwell upon the Power and Effects of thofe Machines, where I thall 
confirm what I fay with the Teftimony of feveral good Authors ; 
and give you the Profils and Scenographical Figures of them, moft 
curioufly and exactly drawn, and occafionally explain how the An- 
cients were wont to conftruct them. Be fatisfied at prefent with 
what tf Tofephus tells us of the incredible Power and Strength of 
the Balifia, in his Account of the Deftruction of Ferufalem; where 
he faith, That every Stone was of a Talent Weight; and did Execu- 
tion not only at Hand, but to the Top of the Walls and Ramparts, though 
it were at a Furlong diftance; and where it fell it carried a whole File 
before it. And + Diodorus; Demetrius placed in his * Helepolis /e- 
veral Machines, the greateft of which carried Stones of three Talents, 
Athenexs alfo {peaking of King Hiero’s Ship which was built after a 


t Jofeph. Lib. VII. ¢, Diod. -Sicul, Lib, XX, ‘a This nearly anfwered to what ue 
new underfiand by a Battery. 
Model 
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Model contrived by Archimedes, relaves, + That in this Ship they eredted 
a Platform or Battery, from wherce with thar Engines they foot Stones of 
three Talents Weight, and at the fame tinea Spear op Favelin of 12 Cu- 
bits in Length, to the Diftance of a Furlong. This is verp wonderful, and 
almoft incredible; bit I fear I begin to ire you with this SubeG ; and 
indeed, I think, 1 have here fatd enough, to infarm you of the Weights 
and Diftances which the Buhffe formerly carried, and co thew that the 
,Things fhor from them were very near equal oo our greateft Grenado’s 
or Bombs, and if I-had affirmed chem ow. have been much larger and 
heavier, I believe I fhould not have exceeded the Bounds of Truth, 
We fhall take a proper Opportunity of treating at ‘large on the Ufes 
and Conveniencies of thefe. Machines, where we fhall make it appear, 
that it would be very proper to introduce ae into Modern Practice 
with our r other Engines, - 


CHAP. Il 
of Bombs gud Grenado’s shat are ufually pryetted from 
Mortar-Pieces. -_— 


TF: we venules the » greater Sort of Crenads sin point of Form, we 

fhall find them to be of two Kinds, (viz.) Round, and Spheroidi- 
cals which laft we commonly call Bom. T houzh Boxhornius, in his 
Hiftory of the Siege of Breda, calls thdfe alfo Bombs that are of a Sphe- 
tical Form; for he mentions them in thefe Terms, after having de- 
fetibed the Hand-Grenado's. Bombs of the large? Sizes that were one or 
$wo Foot Diameter did the fame Execution, They were fhot into the Air 
from Engines, and fell upon the Places they were defigned for. But if I 
am not miftaken, he here confounds the Grenado’s with the Bombs ; for 
he in another Place fays as much of Grenado’s as he does here of 
Bombs, (viz.) They were obliged to ere Batteries at various Diftances 
from the Counterftarps; according as the Exigence of Affairs required, 
either to cover their People, or ftop the Satties of the Enemry, to ruin their 
Machines, demohfh their Batteries, and difmount their Cannon. That up- 
on the Batteries they erefted, they mounted more or lefs Artillery with fome 
of thofe Machines (meaning Mortars) from whence they fbot Grenado’s, 
which burned and threw down every thing within their Reach. (He then 
diftinguifhes thefe from the Hand-Grenado’s, by faying) That the lighter 
and leffer Sorts were thrown by the Soldiers.’ As an Hiftorian, Ido nos dif- 
approve of what he here fays; (the trae Knowledge of thefe Matters be- 
ing referved for Prrobohfis ) I thali only obferve that moft ia. shall 
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cians call thofe Balls that ate Hollow and Spherical, Grenado’s; and 
that thofe which are Longith and Oval, they call Bombs. . 
Fig. t13. You have thefe round Grenado’s reprefented in Fig. 11 3, ahd the long 
Fig. 114.onesin Fig, 114, 07 _ a. 
To thefe two we have added a Third of a Cylindrical Form, which 
Fig. 115. you have in Fig. 116; it has a firm Tompion beneath, which ferves to 
prefs down and confine. the. Powder in the Chamber of the Mortar, in 
the fame manner as the Tompions which are commonly ufed on thofe 
Occafions do. It is not long fince thefe Grenado’s were put in Execution; 
for fome of thefe who were prefent at the memorable Siege of Rochelle, 
in the Years 1627 and 1628, by Louis XTII. King of France and Na- 
varre, have related to us the ftrange Havoc they made, and how 
greatly they annoyed the Befieged : All which was afcribed to the great 
Knowledge and Skill of the worthy Henry Clarmer of Noremberg ; to 
whom no Body can deny one of the firft Palms, defervedly beftowed on 
the Heroic Warriours, who wrought fuch Wonders at that remarkable 
Siege, without doing the leaft Injuftice to the Merits of Pomponius F ar- 
gon, who was at that time chief Engineer to his moft Chriftian Ma- 
jefty. ; | 

‘But there have been fome odd-turned Spirits, who have had Im pu- 
dence enough to rob thofe great Men of the Honour they atchieved in 
the Conduét of fo long and {0 laborious a Siege, and who have endea- 
voured (urged by an unaccountable Envy) to afcribe to themfelves what 
was due to thofe illuftrious Perfons ; and they have fo far gained 
their Point, as to infinuate a good Opinion of themfelves into the Cre- 
dulous and Ignorant, who efteem them to be in Reality what they only 
are in Appearance: But.a time will come when they will receive a Cha- 
ftifement adequate to their Unworthinefs; for Divine Juftice leaves no 
Crime unpunifhed, and will certainly take Vengeance of them for their 
fraudulent Dealing ; in fo ungeneroufly affuming that to theméfelves, 
which had been purchafed by others at fo dear a Rate. But let us re- 
turn to our Subject, and confider after what manner we are to propor- 
tion, prepare, and ufe the two Firft Sorts of Grenado’s. | ; 

There are thofe who allow the Thicknefs of Metal, for Iron Grena- 
do’s and Bombs, 4, 3, or {= of their Diameters.. The Vent ought to be’ 
39 as well for thefe as Hand-Grenado’s. Near the Vent they have two 
Ears or little Handles, by which they are lifted into the Mortar. - 

The Fuze of the {aid Grenado thall be 3 of its Diameter in Length, 
though fome Pyroboli/ts allow it but ¢ only. Its Diameter at Top thall 
be § or $s, but beneath it fhall be but : only. The Depth of the Con- 
cavity in the Fuze thall be ts Of the fame Diameter, as ufual; you 

Fig. 116. have this Fuze reprefented in Fig. 116. But the whole Myftery is to 
know: of what Dimenfions to bore the Fuzes; for there is a certain li- 
mited Time, at the Period of which the Grenado is to perform its Ef- 
fect, according to the Diftances of Places, and according to — the 
ie | | ortar 
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Mortar is elevated to different Degrees of the Quadrant. - It is more- 
over neceflary to know with what Compofition the Fuze ought to be 
filled upon different Occafions, that the Shell may not break till it is ve- 
ry near the Ground. But as this is an improper Place to dwell upon 
thefe Particulars, which bear an immediate Relation to the Artificial 
Conftruction and Ufe of our Warlike Machines, I fhall referve what I 
have to fay of them for the Second Book of the Second Part of our Ar- 
tillery, where I fhall in the moft ample manner difplay the Conftruction 
of Mortar-Pzeces, their Properties, and particular Ufes: And if it be the 
Will of Heaven, I fhall produce fufficient Arguments in Behalf of eve- 
ry thing I lay down, and fhall make it my utmoft endeavour by no 
means to deceive our diligent Pyrobol:/t : But let us proceed to the Se- 
quel of this Effay. | 

Thefe Fuzes fhall be re-inforced without, with dried Sinews, fpread 
out like Tow, then fteeped in hor Glue; and within them you shall 
{tick fome Threads of Quick-Match here and there, for fear the Fuze 
fhould unluckily go out, by the Violence of the Wind or Air during the 
Flight of the Bomb: In fhort, the Fuze being filled with a futable Com- 
pofition (fuch as we gave in the foregoing Chapter) you fhall drive it into 
the Vent of the Grenado or Bomb, which mutt be filled with good Corn 
Powder, in the fame manner as we directed in reference to Hand-Gre- 
nado’s. ; e &. 

Obferve here, that you muft never ufe a Shell rill you have tried whe- 
ther it be found and whole, which you may know by the following 
Proof: Bury your Shell under burning Coals to make it red-hot; and 
having acquired that degree of Heat, take it from under the Fire, and 
pour cold Water into it before it is cooled, and ftop up the Vent, to 
prevent the Water from getting out; then inftantly anoint the whole 
Convexity of the Shell wich Butter of Antimony, or with Soap moi- 
ftened with a little hot Water ; if it is cracked or defective in any Party 
you will fee little Bubbles, or Blifters, rife, fall, and difappear by turns. 
If you perceive any thing of this Nature upon the Surface of your Shell, 
I would have you throw it afide if you have any better, as both ufelefs 
and dangerous: But if the Siruation of your Affairs obliges you to ufe 
fuch, for want of better; you fhall take particular Notice of the Cracks 
or Flaws if they are vifible, and if not, you fhall remark thofe Places 
where you faw the Blifters rife; or if they are little Holes that are con- 
{picuous, you may ftop them with Steel Nails. This done, coat your 
Shells over with Tar or Pitch, or fome of our Pyrotechnic Cement, and then 
cover them well with Tow fteeped in the fame Stuff, the Compofition of 
which we gave in the above Chapter. Finally, wrap them tightly round 
with a ftrong Cloth. You muft exactly obferve thefe Particulars with- 
out omitting the leaft thing in the World; for fear the Grenado thould 
mect with any Accident from the Fire of the Fuze during its Flight. 
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You may find the Requifite of Powder for projecting your Grena- 
do’s, by. what I am now going to fay: But firft of all it will be neceflary 
for me to tell you, how to come at the Weight of a Grenade, purely 
by the Affiftance of an Arithmetical Calculation, and by means of our 
Calibre Scale, which is the moft ready Step towards finding expedi- 


. tioufly and certainly the Quantity of Powder requifite to fhoot out your 


Grenado. This you may work after the following manner. 

Take the Diameter of a Grenado, and apply it to that Side of the 
Calibre Scale which is defigned fot Iron Bullets; and confequently one 
Foot of the Compafies will fall upon a Number, anfwering to the 
Weight of the Grenado if it was folid. Set down this Number upon a 
piece of Paper, or at leaft take care to remember it. Then take the Dia- 
meter of the Cavity of the fame Grenado, and applying it in like man- 
ner to the Calibre Scale, ane Foot of the Compaffes will point out a 
Number expreffing the Weight of that Cavity if ic had been folid, and 
of Iron. Then fubftraét chis laft Number from the firft, and the Re« 
mainder will give you the Weight of the Shell of the Grenado. 

If you thould meet with a Diameter which extends beyond the Length 
of the Calibre Scale, you thall apply the Half of ie only to the faid 
Scale, and the Number it reaches to being multiplied by 8, the Pro- 
duc will give you the Weight of the whole Grenado had it been Solid. 
As for Example; be there given the Diameter of a Grenado that cannot 
be meafured by the Extent of the Calibre Scale; the Half of which be- 
ing applied to the faid Scale reaches to 18: This Number being multi- 
plied by 8 will produce 144, which would be the Weight of the Gre- 
nado had it been folid: Then taking half che Diameter of the Hollow 
ot Cavity of it, and applying it to the Cakébre Scale, fuppofe it to ex- 
tend to 7: Let this Number be in like manner multiplied by 8, and it 
will produce 56. In fhort, this laft Number being fubftraéted from 
144, you will have a Remainder of 88, for the Weight of the Shell of 
your Grenado or Bomb. 

— You will find the Quantity of Powder neceffary to fill your Grenada, 
if you meafute the Cavity of it with a certain Line or Scale of Powder, 
Stereometrically divided into Pounds and Ounces, fuch as you fee diftin- 


Fig. 117. guifhed by A in Fig. 117; upot which the Number which falls under 


the Foot of your Compafies, will exprefs the Number of Pounds or Oun-~ 
ces of Powder which the Cavity of the Grenado is able to contain ; add 
now this Weight of Powder, to the Remainder of the laft Subftraction, 
which gave the Weight of the Shell, and you will have the whole 
Weight of the Grenado when filled with Powder. I will now inftruc 
you in the Conftruction of this Scale. Fill forme perfectly round Gre- 
nado with Corn Powder up to the Vent, then pour it out again, and 
weighing it, fet down what it weighs. Then meafure the Cavity of 
the faid Grenado, and divide the Diameter of it Stereometrically into as 


many Parts as the Powder contains Pounds or Ounces: ‘This you 
eee readily 
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readily do by obferving the Rules in our Firft Book; and upon fuch a 
Scale you may mark out the Diameters of feveral Pounds, or Ounces of a 
Pound, or half Ounces if needful. | : 
~ But if you fhould not have Grenado’s juft at hand, whereby to form 
this Scale, get an hollow Wooden Cylinder of what Size you pleafe 
equal in Height and Breadth, and filling ic with Gorn Powder, pour it 
out again, and weigh it. Now as every Cylinder that contains a Sphere 
is in a Se/gutalteral Proportion to it, according to Archimedes: Therefore 
muft you fay as 3 is to 2, fo is the Weight of the Powder contained in 
the Cylinder, to the Weight of that which would be held by a Sphere, 
included in the fare Cylinder. This done, you will have a Number in 
your Quotient anfwering to the Weight of a Globe of Powder, fuppofing 
the Diameter of fuch a Globe to be equal to the Height and Breadth of 
the Cylinder. This may be done by any Body, that is never fo lite 
skilled in Geometry. . | 
~ Sometimes Pyroboli/ts, by way of Diverfion or Experiment, fill Grena- 
do’s with Sand, thereby to come the more eafily at thelr true Weight : 
Which done, they put them into Mortars, and taking their Sight at 
Marks at certain Diftances ; they fhoot them off, and obferve their Falls: 
Upon which Account it is neceflary to know the Proportion which the 


Weight of Sand bears to that of Powder. For my part, I have often. 
éxperimented that very Fine, White, Dry Sand, bears. fuch Proportion: 
to fine Corn Piftol-Powder as 144 does to 83. Upon this Foundation 
I have formed another Scale which you fee diftinguifhed by B for Fig. 117. 
Globes of Sand. By this Line you may know how many Pounds of Sand~ 
would fill each Grenade, But if you would take only juft fo much Sand” 


as is equal in Weight to the Powder which fills the Grenado (in which 
Pyrobolifis are very exact) you muft find out the Quantity required by 


rneans of the proportional Numbers above: But that Retio will not al-- 


ways obtain; for the Weight both of Powder and of Sand may be itifi- 


nitely varied ; for as the Jnagredients of Gun-powder are mixed a choufand 


ways, you may readily fuppofe that it differs much in Weight; and on 
the other hand, the fevetal forts of Sand are infinitely unequal in point 
of Gravity: But thofe who are defirqus of being perfect in our 77, 
will have the Patience to examine the Gravity of different Sorts of Sand. 


Having thewn you the way how to comme at the Weight of Grenado’s 
filled both with Powder and Sand (as I propofed) without the help of 


any weighing Inftrument ; I fhall advance farther on. 


Now this Weight being found, ic will be very eafy to find the Requi-- 
fice of Powder for charging your Mortar, But to fay the Truth, this’ 
is a Point which cannot well be determined; for Pyroboli/'s change and — 
vary it very often, as Occafion requires; being obliged fometimes to take’ 
miore, fometimes lefs Powder, according to the Diftances of Places, Moft: 
commonly they take half an Ounce of Powder for every Pound that the: 


Grenado weighs; and in fome Cafes they take but a Quarter of an 
, | Ounce, 
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Ounce, and at other times but ; of an Ounce, and fometimes lefs, parti- 
cularly when they would project their Grenado’s {o as not to be above 
4 or 6 Seconds at moft before they fall at perhaps the Diftance of 10 or 
1c Paces, and in their Projection borrow more upon a ftrait Line than a 
Curve. This is ufually done when the Befieged fee the Enemy pre- 
paring to make their Galleries, or perceive them obftinately bent upon 
paffing the Fofé, by any other means, in order to gain the Foot of the 
Rampart ; it is then that the Ufe of Mortars, Grenado's and Bombs is 
not forgot. I muft own however, that the fame thing may be done with 
a greater Quantity of Powder ; but then it would be attended with this 
Inconveniency (namely) That the Grenado being projected with the 
greater Violence, it would be obliged to go through a greater Space, 
and confequently remaining longer in the Air, it would give thofe who 
fee it, time to get out of the Danger of it before it can fall. I muft al- 
fo remark, that you may throw Grenado’s, Bombs, &c. at feveral Di- 
ftances with one and the fame Quantity of Powder; by means of the E- 
levation of the Piece above the Plane of the Horizon, and alfo by the 
- Declination of it from the Vertical Point or Zenith to an Angle of 45 
Degrees, which Pofition is the moft natural to Mortars. This may 
not be an improper Hint ; for I am really of Opinion, it would be 
by much the beft and moft certain (were it not for fome infur- 
mountable Difficulties and Circumftances which oppofe it) to take cer- 
tain Quantities of Powder in proportion to each Diftance; by which 
means the Machines being elevated but a few Degrees above the Hor:- 
zon, would always have their Pofition very low, which would be never, 
or very feldom changed. However as this cannot be eafily practifed, or 
indeed not at all, for every Diftance; yet methinks I would have the 
great Machines, whofe Elevations borrow the neareft upon the Vertical 
Point, and which are ufually chofen for the fhorteft Diftances, deprived 
of a little of their ufual Requifite of Powder, and in Recompence for 
that Lofs, inclined a little more to the Horizon. : 
But not to ftop here, and that we may conclude upon fomething cer- 
tain with regard to the Requifite of Powder; I have eftablithed and 
afcertained a Quantity, that may generally {peaking diflodge the Mii- 
tary Projecitles, be their Weight what it will: In order to this, I have 
conftructed a little Table of Requifites (which we thall dwell more parti- 
cularly upon in the Second Part of our Artillery) which I hope may be 
fuccefsfully put in Practice. I fay it will be fufficient if for Balls or 
Bombs of great Weight, as 300 1b or more, (if there are any fuch,) you 
take half an Ounce of Powder for every Pound. ‘This Proportion may be. 
obferved for Projectiles down to 100 Ib: But from 100 jb to one It, 
you fhall increafe every Quintary that is every Fifth Number with 15 
Grains ; fo that you may have 588 Grains of Powder, which are 2 Loths 
and 12 Grains, to project a Ball of one tb. Upon this Foundation I have 
calculated a little Zable of Proportion, from 100 Tb down to one ib. 
There 
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There is nothing that can be more plain or eafy than the Ufe of it; for 


you need only multiply the Numbers of the Column B by the Num- 
bers of the Column A, and divide the Produéts. by 288 in order to have 
the Requifite Number of Loths ; (for a Loth contains juit that Number 
of Grains ;) which Number of Loths being divided by 32, you will have 
the Pounds: But that you may have a perfect Apprehenfion of this, I 
fhall illuftrate ic by an Example. Suppofe you have a Ball of 80 Ib 
which you would project : Look firft for 80 in Column A; and having 
found it, multiply it by the oppofite Number in Column B (v/z.) by 
348, and you will have a Produét of 27840, which will be the Number 
of Grains of Powder; which being divided by 288, will give 96 Loths 
8 Den. in the Quotient ; each Denier 24 Grains. In fhort, thefe Loths 


being divided by 32, will give 3 if. You muft then take 3 ib and 8 


Deniers of Powder to charge the Chamber of the Mortar, from which 
you would project a Body weighing 80 It. 

The following -Tad/e will help you in the Difficulties which may oc- 
cur in this Cafe; provided that you have a right Conception of this Ex- 
ample. | | 


A TABLE of Requifites of Gun-Powder. 
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OBSERVATION IL 


To every Number between the Quintaries of this Tad/e, you fhall 
fucceflively add 3 Grains for every Pound. ‘This done, multiply the 
Sum of that Addition by the Weight of the Projeffile. As for Ex- 
ample, if you meet with one that weighs 82 1b, you will find it lefs by 
3 than 86, the fuperior Quintary of the Tabd/e; having then added 9 


(which is 3 for each Pound) to 333, you will have 342; this 342 being 


multiplied by the Weight of the Projecti/e which 1s 82, the Product 
will be 28044; which being divided by 288, you will have 97 Loths, 
4 Deniers and §. | 


OBSERVATION IL 


The Rule here laid down for the Projectiles which are fhot from 
Mortars ought to be followed as univerfal and immutable: But at the 
fame time Allowance muft be made for the different Strength of Pow- 
der; inafmuch as one Ounce of fome fort of Powder will do twice, may, 
ten times the Service as an equal Quantity of fome other Sorts; and 
confequently one Ounce of the former will be as {trong as 10 Ounces of 
the latter. But I leave this Article to the Confideration and Judgment 
of good Practitioners y and fhall go on to the loading of our Mortars. 

Suppofe now, you have the Requifite of Powder tor projecting a Gre- 
nado from a Mortar: You fhall in the next place meature the Height 
and Breadth of the Chamber by means of a Cv/indric Scale, or rather a 
Cylindro-metri¢c Scale, divéded Cubically, and adjufted to the Weight of 


Fig. 117. Gun-powder, fuch as you fee in Fig. 117 in the Letter C. Now if it 


happens that your Chamtber is equal in Height and Breadth, you may 
conclude that it holds as many Pounds of Powder, as the Number ic 
cutsupon your Scg/e contains Unities: But if on the contrary its Height 
and Breadth are different, you muft find out a mean Proportional be- 
tween them, which may give you the true Capacity of the Chamber, 
If thefe Numbers fhould happen to be Surds, you may find out a mean 
Proportional betwten them by Lines much better than by Numbers. 

If the Chamber of your Mortar is bigger than neceffary; firft put 
your Powder into the Chamber, and meafure he Vacancy of it above 
the Powder: Divide this into 6 equal Parts, and add ; to its Height; 
and you will have the true Height of a Wooden Tompion ; by which 
the Powder in the Chamber will be fufficiently compreffed, {o that the 
Flafh will have no room to expand itfelf, and will confequently act wirh 
its full expulfive Vigour: But if on the contrary the Chamber of your‘ 
Mortar is too little to hold the Requifite of Powder ; divide the Height 
of it into 10 equal Parts, and fill it up with Powder to !:, and ram it 
with a Tompion of js. And in this Cafe the Rute we have given above 
can be of no Ute. | 

You 
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You muft proceed after this manner when it happens that your Pow- 
der fills your Chamber fo exaétly as to leave no room for a Tompion ; 
but you will be better inftructed in every thing relating to this matter 
by the Sequel. 

The Wooden + Tompions for confining the Powder in the Chambers 
of Mortars are prepared after different Fafhions; for if you would fix 
your Grenado in fuch a Pofture as to have its Fuze turned outwards to- 
wards the Muzzle of the Mortar, and if you would projeé it by one 
Fire only, your Tompion fhould be fluted like a Pillar, as you may ob- - 


2 31 


ferve in Fig. 118 by the Letter A; or pierced through with Holes at Fig. 118. 


Top which terminate in a large one at Bottom, as may be obferved in 
B. I muft here remark, that it is by much the fafeft Way, to project 
your Grenado’s by means of one Fire only; in doing of which you are 
to obferve the following Order. 

After having loaded your Chamber with the Requifite of Powder, 
and driven the Tompion upon it, fo as in no degree to furmount the 
Edge or Rim of the Chamber ; you fhall fill up the Holes in the faid 
Tompion, or the Flutings round it, with good Meal Powder, and falt it 
over with a good handful of the fame; then wrap up your Grenado in 
a Felt, or a coarfe Woollen Cloth, well foaked in {trong Brandy, mixed 
with Meal Powder; this Coat or Covering fhall be open at Bottom, of 
the fame Breadth as the Orifice of the Chamber. This done; fix your 
Grenado in the Mortar in fuch manner as to bear upon the Tompion. 

The Fuze fhall be well garnifhed round, with fome of our loofe Quick 
Match; and the whole Body of the Grenado fhall be well falted over 
with Meal Pewder, to facilitate the Accenfion of the Fuze. 

This is the firft Way of projecting Grenado’s from Mortars with one 
Fire only. The Second does not differ much from it, excepting that ic 


is much the more dangerous of the two; for here the Fuze is turned | 


inwards upon the Chamber ; and in this cafe you muft have a Tompion 
with an Hole in the Middle of it, and divided into 4 equal Parts by 
means of two Diameters intetfecting each other at Right Angles, as you 
fee in Fig. 118 by the Letter C. However I would by no means have 
this practifed for ordinary Grenado’s: But I would have them ordered as 


you fee in Fig. 119, where’ the Vent and Bottom are turned into Fe- Fig. 119 


male Screws, which fhall have an Iron Fuze with a Screw at Top and 
Bottom to be inferted into them, as may be feen in A: But I mutt tell 
you that thefe Screws cannot be too nicely fitted to each other. 

If -you would rather chufe to project your Grenado by means of two 
Fires, you fhall have a folid Tompion. This Tompion being driven 
into the Chamber, you fhail cover it with a freth green Gazon or Turf, 
or fomething of that kind, which thalt be covered with a round Board 
of 2 or 3 Inches thick, but a little lefs in Diameter than the Calibre of 
ee 

+ Thefe Tompions are found to be ufelefs, . 
the 


- 
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| the Mortar (fee Letter D.) To conclude, you fhall fix your Grenado up- 

‘on it with its Fuze turned outwards, and cover it with a Gazon; after 

having ftuffed the Vacancy between the Shei! and the Mortar all round 

with Hay, Straw, Tow, or Mold, to keep the Shell fixed and firm. 

Fig. 120. This laft Method is very particularly reprefented in Fig. 120, to which 
I refer you, if you do not apprehend my Explanation. 


COROLLARY. 


To tell you now who firft invented, or who firft practifed this 
deftru€tive Contrivance, which has been promifcuoufly the Ruin of 
fuch Numbers of Men, and the Overthrow of fo many of the moft 
beautiful Buildings, moft magnificent Cities, and itrongeft Walls and 
Fortifications in the World, is a Task unequal to my Knowledge; for 
we do not find the leaft Mention made of the Perfon in any Hittory. In- 
deed in feveral reputable Authors we have an Account of the Times and 
Places, when and where this infernal Invention was firft put in Pra- 
tice; the Teftimony of whom I fhall here infert, notwithftanding that 
they differ pretty much from one another. Butas to the Inventor him+ 
felf, we do not find the leaft Mention made of hin; which I cannot 
help being furprized at, fince it feerns to be a very great Injuftice to 
Pofterity to conceal the Name of fo great an Engineer from it, In 
truth, I know not what to fay or think of fuch a Procedure, and 
fhould be glad to know whether it was thro’ Chance or premeditated 
Defign, that the Writers of thofe Times have left us in the dark as to 
this Matter: But every one may judge of it as he pleafes, for my part, 
Ican only here entertain fuch as are wholly Strangers to the Hiftory of 


this Invention, with what can be gathered from the Teftimony of feve- ~ 


ral Authors. Thuanus fays, : 

4- All the Stratagems of the Duke of Parma before Bergen op Zoom 
proving ineffectual, and defpairing to carry it, and confidering that the 
Seafon was very far advanced, and that the Low Country was almoft over- 
flowed; and finding that the Garrifons of the Ifland of Tretole, by their 
continual Excurfions and Depredations, made Provifions very fcarce and 
dear in his Army, he refolved to ratfe the Siege, and fend his People inta 
Winter Quarters, and accordingly he diftributed fome of kis Troops in Tu- 
renhalt, Rofendal, and the Country of {Campen, and fent the ref ee 
the Troops which were under the Command of Prince Erneft Mansfelt at 
the Siege of Bon, to block up Watchtendonck, which is an ancient Town 
of the || Sicambrians, fituated upon the Niers not far from the City of 
Gueldres. This was done, at the earneft Entreaty of the Lubasitants 
of Rutemond, who begged to be delivered from the troublefome Excur- 


ae Lib, LXXXIX, Pag. 263. A.D.1588.  $ This is now moft cantmonly called Zutshen, 
|| The People of Gelderland were anciently fo called, and tie Country ittelt was cailed 97 


cambria. 
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fions of the Robbers (s¢ was thus they called the Soldiers of the neighbouring 
Garrifons.) Towards the end then of October the Place was invefted, un- 
der the Conduét and Command of the aforefaid Mansfelt. The Proneers 
advanced and raifed Batteries of Gazons or Sodds, upon which they mount- 
ed their Cannon, which played upon the Town till they threw down the Roofs of 
the Houes, and all the lofty Buildings in it. But they did not only (fays he) 
ruin them with their Cannon, but they alfo galled them with Grenado’s and 
Balls filled with combu/tible Matter, which they fhot among them with cer- 
tain Engines, fo that the poor People could hardly find Safety any where, 
from the horid Tempeft which was fhowered down upon them. He adds, 
‘That thefe Balls were made hard by, at a fmall Town called Venlo ; and 
that the Inventor of them, refolving to make Proof of bis Work, at the Ce- 
lebration of a Feftival defigned for the Entertainment of William the 
young Prince of Cleves, he bad no fooner fet Fire to them, than they bad 
an Effect quite contrary to what be intended; for the Town was fired by 
them, and was very near half deftroyed. A melancholly Diverfion ! | 
This Author has hitherto pretty well informed us of the Place where 
our Miffive Thunder was invented, and of the Time it was firft puc 
in Execution. But another Writer, who equally deferves our Credit, 
(namely) Reidanus, who has left us the Hiftory of the Low-Country 
Wars in Latin, feems to be of a quite contrary Opinion as to this Point. 
He {peaks thus: -+ Adolphus Nivenarius, Governor of Guelders, re- 
folved to keep up the Scarcity of Provifion as much as be could, and to 
ftarve the Inhabitants of Bergen, tf pofible. But unbappily as be was 
proving bis Bombs, with which he had determined to deftroy the Enemy's 
Ammunition, be was greatly aftonifhed, to find that upon being fired they blew 


up the Arches and Vaults of the Caftle of Harnem, together with feveral | 


other fine Buildings. A brave Officer called Denis, and another Gentle- 
man, perifbed by this Accident: And the Earl himfelf could not efcape the 
Fire, for being cruelly burnt, be died a few Days after. Almoft fuch ano- 
ther Accident happened the Year before, (he means 1537) at Bergen op 
Zoom ; but of a more extraordinary nature. A certain Italian who de- 
ferted from the Duke of Parma, fled to the Confederates, to whom he pre- 
tended, that he had an admirable and un-heard of Invention for preparing 
hollow Veffels and Globes of Iron and Stone ({ure this was a thing impra- 
Eticable, and I believe every Pyrotechnician will think it impoffible to 
contrive fo as to make Stone effeCtual in fuch Works: But he goes on) 


which might be eafily thrown among ft the Enemy; where they would — 


do moft terrible Execution by Thoufands of Splinters, which would fly from 
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them in burfting, and befides, that the leaft Spark of them would.infallibly ~ 


fet fire to whatever they touched. But the Inftant that our Grenadier was 


bufied in carrying on his Projett, a Spark of Fire unfortunately fell upon 
the Table where he had prepared bis Compofitions and as be was going 


- > Reid, Lib, VIII. Page 182. | 
Ooo haftily 
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baftily to take it away, the Fire (which lofes no time) got bold on ns Hand. 
He, aftonifbed to fee a Glove of Flame upon bis Hand, and not knowsng 

_ . ‘what to do to get rid of it, clapped bis Hand between bis Thighs to fisfie it, 
but far from being fuppreffed it laid bold on lis Breeches, and from thence 
penetrated to bis Thighs: In a Word, lis Hand was infantly fript of both 
Shin and Flefb. Vinegar proved ineffetiual, and inftead of extingusifhing 
rather increafed the Flame; to conclude, the Fire /preading over the reft 
of bis Limbs, the unbappy Man expired in lefs than three Days, after bav- 
amg fuffered the moft fevere Pains without Intermiffion or Reltef. 

To the Teftimony of thefe two grave Authors, I fhall add that of a 
Third, whofe Fidelity is unqueftionable, I mean Famianus Strada, who 
fpeaking of the Low-Country Wars, writes to this Effect, + There was 
nothing which more aftomfbed the Enemy (he here means the Attack of 
Mansfelt at Wachtendonck) than certain great Braft Globes hollow withsn, 
which were filled with Powder and Sulphur, and other inextinguifhadle 
Things; which were foot from great Mortars, with little { Ropes in a@ 

fmall Hole, which by their Weight, and Violence of their Fall, threw down 
the greateft part of the Buildings; and what 1s the moft Arange of all, when 
they were lighted their Flame caught bold on every thing within sts reach, 
with fach Objftinacy that no Water could extinguish it. Thefe Globes, which 
gave the firft Hint to the Invention of Grenado’s, Fire-Pots, and fuch like 
Inftraments of Death, were invented (as we are told) by a Man at Venlo a 
dittle before the Siege of Wachtendonck 5 though be happened to be the De- 
frrubtion of kis own Town : For upon a Day that the Inbabitants of Venlo 
made an Entertainment for the Duke of Cleves, thts confermmate Artift mak- 
ing Experiment of bis new Invention to divert that Prince, fhot off one of 
them, which failing upon a large Building, broke down through it from 
Top to Bottom, and fetting it in a Blaze, the Fire ran over all the Neigh- 
bourbood, fo that ina very little time two Thirds of the Town were laid in 
wAfbes. I know a certain Author (he means Retdams) who m bis Hiftory 
relates fomething of this Kind to have happened a Month or two before at 
Bergen op Zoom, fo an Italian Deferter, who was going to make an Ex- 
periment of one of thefe Balls. This Renegade promifed the Confederate 
States fo make certain hollow Veflels or Globes of Iron or Stone, which be- 
ing kindled, and throwr into befeged Places, fbould fet Fire to whatever “ 
they could reath; after having broke into a thoufand pieces. But by a ftrange 
Mithap, @ Spark of Fire fell upon the Compofition be had prepared for 
thefe Globes, wad the Flame of it caught bold on tim m fo frightful a manner, 
that fpreading all over bim from one Limb to another, be died moft mifera- 
biy, after baving undergone the moft exquifite Torment ; und left it doubt- 
ful, whether or no be would have come up to what he promifed. But 
however that enight be, st appeared that thofe Venlovian Engines an- 


{ Fam. Sra, Lib. X. Deced. 11. $ This feems pretty obfcure ; but perhaps inftead of 
Fuzes, they ftuck fome fort of Match in the Vents of their Grenado’s or Bombs, 


fered 


Boox IV. Of the Great Art of ARTILLERY. 
fered very weil te the Purpofes of Mansfelt ; for with. them he commit- 
ted fuch mercilefi Ravages, demokjbed fo many fine Buildengs, and killed 
fuch vaft Numbers of People ix the Places be befteged, that she Inhabitants 
could hardly find Shelter from the 'Tempeft, which continually purfiued them 
where-ever they went, though they retired to Cellars and the. moft fubterra- 
mous Retreats. The Burgeffes of the Town at length confdering that this 
Storm of Irez and Fire, threw them into the utmoft Conflifon, and perceiv- 
ing that it demolifbed all their Habitations, and that they frould infenfbly 
bofe their Country, refalved ta ge in a Body to Lanteir their Gover- 
nour, to befeech him te take fome Meafyres towards the Prefervation of 
their Lives and Fortunes, axd to defre him to reflect ferioufly upor their 
unbappy State. Upon the whale, they alledred that they were utterly de- 
frroyed by degrees; that they had but few Buildings loft fanding ; and ad- 
ded, that if the Enemy centinued to ply them with their Grenado’s, it 
ewould be impofible for them to fiubfift, or make any farther Refftance, ex- 
cept they built a new Watchtendonek under Ground, as they bad already 

begun. 
| - muft confefs that what I have quoted from this Author, is a 
lictle foreign to the Point in hand: But he has expreffed himfelf 
in fo moving a manner of this dreadful Contrivance, that I could 
not help tranfcribing of him at length. Ic is from henee that the skil- 
ful Pyrobolsf? may draw Conclufions in favour of thefe Weapons; ir is 
from hence that he may perceive the Neceffity there ig for them in the 
Attacks of Places in our Times; in fhort, it is from hence that he may 
judge of their great Utility to the Befiegers, by compelling the Befleged 
to a {peedy Capitulation, by expediting the Surrender of Towns and Ci- 
ties, and diftrefiing chofe thac are che moft obftinately bent upon de- 
fending themfelves. | 


. Here I fhould clofe up this Corollary, as knowing that what I have | 


quoted from thefe famous Hiftorians has fully anfwered my Intention, 
which was to give an Account of the Origin of our Grenqde’s. But 
Gace in this Work I a& the. part of a Pyroboif, I chink myfelf obliged 
to clear up every thing that may be obfcure in relation to the PraGice of 
our .ért, for the Beneft and Inftruction of thofe who particularly ap- 
ply themifelves co che Cultivation of it. Let us then look back to what 


we quoted from Famianus Strada, where he has {eemingly defcribed the — 


Farm, the Properties and Effe@s of our Grenado’s ; and iet us ask him 
- whar he means by the Fire-Pots, Grenadds, $c. which according to 
him derive their Origin fom the hollow Globes he {peaks of, fince his 
Defcniption of thom agrees £0 nearly with chat fort of Anms which are 
now in Ufe with us. If he anfwers, that they were a fort of Balls, 
which in his Time were called Bombs; (which Word J know is promif- 
cuoufly ufed to this Day) I fhall reply, char che Word Grengdo would 
have fuited better with them, as being a more general Term. If on 
the other hand he alledges, that the lise ones, which we call Grenado’s, 


are 


as 
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are Defcendants of thofe great Balls; his Affertion will in fome degree 

be falfely grounded; for I fufficiently demonftrated in the foregoing 
Chapter, that the ancient Pyrodoli/s were acquainted . with the {mall 
Grenado’s, confiderably before they knew any thing of the Great. 

Thofe who have the leifure, may upon this Subject confult Leonardus 
Fronfpergerus in the Second Part of his Military Art; which he dedi- 
cated to Rodolphus 11, who was at that time newly elected King of Hun- 
gary, and who was afterwards Emperor of the Romans in the Year of 
our Redemption 1573. But though I fhould grant that the leffer fort 
of Grenado’s were unknown to paft Times till after the Invention of the 
Greater, and that it was from Experience of the Nature of the Latter, 
that Men took it into their Heads to ufe the Former; yet I fhall never 
allow that the Miltary + Olle or Fire-Pots are pofterior to the hollow | 
Globes which he fpeaks of, as he would have us believe. But very 
far to the contrary, I dare affirm that our Grenado’s are derived from 
the Fire-Pots; and I make no fcruple to fay, that the O//e of the An- 
cients were the Lightning which preceded our Modern Thunder; and 
this I may fafely advance, fince I have the Teftimony of feveral great 
Authors, who lived in unfpotted Credit and Reputation amongft the 
Ancients, to fupport me in it; from whom we may gather, that the moft 
expert Captains in former Days met with very fuccefsful Effects in their 
Sieges and Attacks from Fire-Pots not very unlike ours. We have elfe- 
where touched upon this, and therefore fhall defift from it at prefent, 
referving it till we come more particularly to fpeak of Fire-Pots. In the 
mean time (dear Reader) let what we have offered be kindly received by 
you; and affure yourfelf, that Artificial Pots are of very old ftanding, 
and that they are fo far from deriving their Origin from Grenado’s or 
Bombs, that it is more reafonable to believe quite the reverfe. Pray 
hearken to what Sextus Fulius Frontinus fays of the Fire-Pots of the 
Ancients, + Cneus Scipio, 72 a Sea Fight found out a way of throwing 
|| Veffels full of Pitch and Pine-wood at the Enemy's Fleet, which 
were as dangerous in their Fall, becaufe of their Weight, as they were 
hurtful on the fcore of the Igncous Nature of the Matter they contained 
which was fpread abroad from them. Dionvfius {peaking of the Fireworks 
which were ufed at the Battel of Ac?ium, between Auguffus Cefar and 
Mare Antony, obferves, * That Cafar perceiving his Soldiers very roughly 
handled by Marc Antony’s Party, who cut them in pieces with their Axes 
and Swords, and galled them terribly with their miffive Weapons, from the 
Advantage they had of being in taller and better-fortified Ships: He had 
recourfe to Fire, as the beft Remedy he could apply to the prevailing Evil: 
In fhort, bis Soldiers gathered round him, and began to throw Fire-Darts, 


T This is only a Latin Word which fignifics a Por of any fort. 
t Sex. Jul. Fron. Lib. IV. Cap. VII. 


[| The Latin has it Amphoras; but we mult here conclude that Frontinus thereby means any 
fort of Veffels in general, * Dion. Lib. L. de Be), Act. 
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Brands and Torches, together with Pots full of Pitch and burning Coals 
at the Antonians, which fo annoyed them in their Ships (though they 
took care to keep as far out of Danger as they could) that the Cex{areans got 
the better of them. Thus what the Force of their Arms could not obtain, 
they effected by Fire, and thus by means of that Element they triumphed over 
their. Adverfaries. 

I could bring feveral other Authors to bear witnefs in Favour of the 
Fire-Pots of the Ancients: But I apprehend that thefe two will be fuffi- 
cient to convince you of their Antiquity. Let us then proceed to the 
Conftruction of feveral other Sorts of Grenado’s. 


CHAP. IIL 
Of Grenado’s that are commonly called Blind. 


YROTECHNICIANS have certain Grenado’s which ftand 
in no Neceffity of being lighted when they are projected, from 
whence they are called Blind, which is a common Term amongtft them, 
for fuch Grenado’s and other Balls as ftand in no need of being fired at 
the time of their ProjeCtion: But as foon as thefe ftrike the Ground, or 
fall upon any hard Subftance, they have the fame Effect as other Gre- 
nado’s. Fig, 121 reprefents one of thefe Grenado’s, in which the Letter Fig. 121, 
A is the Grenado, hollow and pierced through and through, and 
which has on one Side another {mall Hole, for the fame purpofe as thofe 
in the other Grenado’s which we have defcribed above. 

Letter B in the fame Figure points out a Barrel or Tube, made of an 
Iron Plate, whofe Sides are full of Holes, and its Infide made rough like 
a File. This Barrel receives two Flints which are {crewed tight in 
Contrivances like the Cock of a Gun-lock, which are foldered to a fub- 
ftantial Iron Rod, as may be feen in C. Firft then, this Barrel muft be 
fixed in the Shell; its upper End paffing through the Vertex or Top of 
the Grenado where it is fcrewed faft with a little {quare Plate of the 
Thicknefs of 2 or 3 Lines only, as you fee in G. The lower end of the 
Barrel which receives the Flints fhall reft upon a round Plate with an 
Hole in the Middle of it, as you fee in E, to keep it fixed in its Pofi- 
tion. Now the Iron Rod that has the Cocks of the Flints foldered to 
the upper End of it, fhall have its lower Extremity turned into a Screw, 
to fit a female Screw in the Middle of a large round Iron Plate, as you 
fee in D, which ferves for a Foot to the Grenado and all its Furniture, 
and upon which it falls when it comes to the Ground. 

The Letter H fhews you a fingle moveable Cock with its Flint, rea- 
dy to ftrike Fire, and mounted upon a Steel, which may ferve as well as 
the two former. 
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If you would fee this Grenado as it is compounded of all its Parts 
when fet together, caft your Eye upon Letter K, where you will fee it 
juft as I have defcribed ic. You will moreover fee two {mall Tails a- 
bove, to ferve it inftead of Wings, which are made of old pieces of 
Linen, drawn through two fmall Irons, which are faftened to the Rings 
on each Side of the f{quare PlateG; the. Ufe of them is to make the 
Grenado fall in a perpendicular Direction upon its Foot or round Plate at 


Bottom. 


Fig. 122. 


Now the Grenado falling in the abovefaid Direction, the Flints in the 
Barrel will by the fuperincumbent Weight of the Grenado be violently 
forced upwards, and confequently rubbing impetuoufly againft the 
rough Infide of the Barrel, will {trike fuch a Fire, as muft accend the 
Gun-powder in the Grenado through the Holes in the Sides of the Barrel, 
by which means it will have the fame Effect as the former. 


CHAP. lV. 
Of Grenado’s that ave /hot from large Cannon. 


I Shall now defcribe to you the fourth and laft Sort of Grenado’s ; 

(namely) thofe which are commonly fhot from great Pieces of Ord- 
nance, to tear down Ramparts and make Breaches, almoft like thofe 
made by ordinary Mines, though indeed not fo large or confiderable. 
Pyrobolifts have from time to time invented infinite Sorts of thefe, but I 
do not here undertake to treat of them all; I fhall therefore only dwell 
upon the moft ferviceable of them, and fuch as you may truft to, with- 
out any Danger of their failing. | 


SORT I. 


Of the numerous Clafs of thefe Grenado’s, we fhall give the firft 
place to that which we have reprefented in Fg. 122, which (as may be 
feen) is Spheroidical in its Form and hollow within. Its Vent is a Fe- 
male Screw, contrived exactly to reccive a Male Screw, which is beneath 
a certain Iron Socket: Into this Socket you fix a round Fuze, (or if you 
will it may be multi-angular) whofe Sides fhall be bored all round with 
a pretty fine red-hot Needle, in an Oblique Manner, or at Acute Angles, 
all which Borings muft Center in the Hollow of the Fuze; by which 
means all their little Orifices will be turned towards the Grenado. All 
thefe, as well as the middle of the Fuze, muft be filled with Meal Pow- 
der ; and the hollow Screw of the Socket which goes into the Grenada, 
fhall be filled with one of thofe flow Comps/tions, which have been given 
for the Fuzes of Grenado’s, Upon this Fuze, and the Socket which re- 

“ celves 
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-ceives it, you muft fix four Wings, of more if needful, made of thin 
Copper or Iron Plates, exactly the Length of the Fuze: As for their 
Breadth, it fhall be fo ordered, that the Breadth of any two of them op- 
pofite to each other being added to the Diameter of the Fuze, they 
may conftitute a Right Line which is equal to the leaft Diameter of the 
Grenado; and confequently their Breadth muft be equal to the Diameter 
of the Fuze, which on the other hand muft be equal to a + of the 
fhorteft Diameter of the Grenado. 

The Length of the Fuze mutt be fo nicely proportioned, that being 
{crewed into the Grenado, it may be in exact Aiquilibrio with it. This 
Equilibrium will be eafily found, if you recollect what we faid of 
the fticking of Reckets. In fhort, to conclude with this, you fhall wrap 
the Fuze well up in loofe Quick Match, and falt it over with Meal Pow- 
der, and then put it into your Cannon. | 


SOR T IL 


In Fig. 123, you have another Sort of Grenado of this fame Species, Fig. 123. 
which muft be prepared after the following manner. You {hall take a 
common Grenado, whofe Diameter is a little lefs than the Diameter of 
the Canron you would project it from. It muft be fixed upon a Wooden 
Cylinder, whofe Top is hollowed out in form of a Concave Hemifphere, 
fo as exactly to receive one half of the Grenado; its Bottom mutt be flat, 
but its Head (which we fhall mention hereafter) hall be Cozic. You thall 
bore an Hole lengthways through the aforefaid Cylinder, which fhall 
have a Communication with the Vent of the Grenado, and which you 
fhall afterwards fill with Meal Powder. The Length of this Cylinder 
fhall be 2 + Diameters of the Cannon: Then clap on the aforefaid Conic 
Head, the Diameter of whofe Bafe is equal to that of the Cylinder, and 
which muft alfo be hollowed out in an Hemifphere to receive the other. 
half of the’ Grenado. In fhort, the Cone and Cylinder thall be joined 
in the firmeft manner with Pitch and Glue: Whatever relates to this, 
may be eafily apprehended by the Figure. | 


SORT II. 


You have the third Sort of thefe in Fig. 124, the Conftruction of which Fig. 124. 
is very fimple: You need only take a Wooden Cylinder as A, equal to 
the Diameter of the Piece it is to be fhot from: It is firft hollowed out 
beneath in Form of a Concave Hemifphere, fo as to be able to receive 
half of a Grenado as B, whofe Diameter muft be a little lefs than the Ca- 
libre of the Piece : The Top of it fhall be bored with feveral Holes, which 
fhall all tend towards the Vent or Fuze of the Grenado; all which thall 
be filled with Afeal Powder to fire the Fuze. This done, the Cylinder 

and Grenado fhall be well bound together with ftrong Iron Wyre. In 

fhort, 
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fhort, it fhall be put into the Cannon with the flat End of the Cylinder 


towards the Powder, 


SORT IV. 


Fig. 125. In Fig. 125 you have a fourth Sort of the fame Grenado’s, where the 
Letter D points out the Grenado itfelf. C is a Wooden Cylinder of the 
fame Dimenfions with the Third above ; and has in the fame manner a 
Concavity to receive one half of the Grenado. E is an Hole bored 
through the middle of the Cylinder which correfponds with the Fuze 
of the Grenado, and which fhall be filled with Meal Powder. Bisa 
Paper Cartridge fixed to the Wooden Cylinder, and covered at Top 
with Paper or Wood. This Cartridge holds the Requifite of Powder, 
which is neceflary to diflodge the Grenado, as may be feen by A in the 
fame Figure. 
This does not differ much from the other fort we have already fpoken 
Fig. 127.0f, and is the fame which is reprefented in the Cannon in Fig. 127, ex- 
cept that this laft does not appear with its Paper Cartridge; which mutt 
be formed upon a Wooden Row/ler or Former after the fame manner as 
the Cafes of Rockets. This is filled with Corn Powder as in the fore- 
going Cafe, and as it appears in the Figure. Thefe two Sorts require to 
be charged with great Diligence and Expedition; and particular Care 
muft be taken that the Powder is not too ftrong, for fear they fhould be 
damaged, from whence unhappy Accidents may enfue. 


SORT V. 


This Way of fhooting Grenado’s from Pieces of Cannon, was not on- 
ly defigned for projecting one at a time (as may be imagined by what we 
have hitherto faid) but likewife for throwing feveral fmall Hand-Grena- 
do’s at once into the Enemy’s Camp, or amongit the Battalions which 
are drawn up in Day of Battel. This you may eafily do, if you fhut 
them up in hollow Wooden Boxes or Cartouches, fuch as you fee in 

Fig. 126. Fig. 126. In the firft place, the Bottom of the Cartouch, A, fhall be 
twice as thick as the Sides, and fhall be re-inforced with an Iron Plate, 
and wrapped round by a ftrong Paper Cartridge; or elfe you may tye a 
little Canvafs Bag full of Corn Powder round it, as you fee inD. The 
Fuze C fhall be either of Wood or Iron, and filled with a flow Compof- 
tion, by which the F7re is conveyed to the Grenado’s as foon as the Box 
falls amongft the Enemy. 


SORT VI 


We may fhoot Grenado’s from Cannon without any of the abovemen- 
tioned Additions to them; but they muft in this Cafe be thicker at Bot- 
| tom 
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tom than in the reft of their Circumference, as may be feen in Fig. 128, Fig. 128. 
Thefe fhall have Iron Fuzes which fhall not in the leaft degree fur- 
mount or rife above the Convexity of the Grenado, and the lower Ends 
of them {hall be received or let into the Bottom of the Grenado’s, as may 
be feen by Letter A in the fame Figure. This Fuze (which fhall be 
filled with a flow Compofition,) muft be of the fame Dimenfions as we 
have ordered for the other Sorts of. Fuzes ; B fhews you a Profil of it. 
The Bottom of this Grenado fhall be turned inwards, or towards the 
Powder in the Gun, and confequently its Fuze muft be directed out- 
wards towards the Muzzle of it. Though the Grenado be fixed in this 
Pofture, you need not fear its being fired before it gets out of the Piece; 
for being agitated by the Flafh of the Powder, it muft in its Excurfion 
through the Chafe of the Guz be turned and whirled round feveral 
times before it can reach the Muzzle; therefore it will be impoffible for 
it to mifs taking Fire from the Flafh, which wraps itfelf all round it by 
turns. 


SOR T VIL 


Not long fince; in the Reign of Uladiflaus IV. King of ‘Po- 
land and Sweden, His Majefty’s Engineer Major, Frederick Getkant, 
( who for his univerfal Knowledge in the Scsences and great Skill 
in all the Branches of Mechanics, deferves to be called a fecond Archi- 
medes of our Country) contrived a moft certain and infallible Way, for 
projecting Grenado’s from great Guns ; to which purpofe he caft a Piece 
of Cannon, which as to Length is not very different from an old fort of 
Gun which the Italtans at this Day call Canone petriero incamerato: But 
it differs greatly from this in its Chamber, which is fo proportioned as 
exactly to contain the proper Requifite of Powder. It has moreover 
two Touch-holes, which terminate in the Vent of the Piece; one of 
which defcends obliquely into the Chamber where the Powder is, and 
the other perpendicularly upon the Grenado, by which the Fire is con- 
veyed to light a kind of Qyick Match with which the Grenado and its 
Fuze are coated all round ; to the end that whilft the Powder is taking 
Fire, the Grenado may be in a Readinefs to depart, and only wait for 
the Motion which 1s to be given by the Flafh of the Gun. I have 
taken the Trouble of giving you a Profil of this Gun with its Grenado | 
lodged in it, as may be feen in Fig. 129. As to the particular Propor- Fig. 129. 
tions of the feveral Members of this Cannon, I fhall refer {peaking of - 
them to the Firft Book of the Second Part of our Artillery, where I 
fhall defcant upon them at large, according to the beft Information I 
could get from that celebrated Mafter of the Miltary Arts and Sciences. 


Qqq C O- 
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COROLLARY IL. 


Grenado's of all forts may be applied to very various Ufes in the Con- 
duct of War; many of which we thall fpecify in the fubfequent Chap- 


ters. But if you attentively confider that Grezado reprefented under 


Number 118, by the Letter E, you will find it none of the moft de- 
fpicable. It is firft fhut up in two parallelopiped Timbers, which are 
fecurely bolted and forelocked together fo as to keep the Grenado fixed 
and immoveable: It is then fired and thrown down from fome Emi- 
nence, amongft the Enemy, where.it does moft horrid Execution by 
the Splinters of the Wood about it, and its own Iron Splinters. 


COROLLARY IL. 


"In order to thoot Grenado’s from Cannon, the Requifite of Powder 
fhall never exceed + of the Weight of the Grenadoand all its Furniture, 
without which it cannot be Conveniently projected. | 


COROLLARY IIL 


We have obferved that Grenado’s of every fort of Conftru€tion, be- 
ing fallen upon any Plane, do (by an inconceivable Myftery of Nature, 
and fome fecret Caufe not hitherto traced out by the Wit of Man) burft 
and fly to pieces in an Angle of 45 Degrees. Whofoever keeps in 
mind this Remark, and the wholefome Advice I now give him, may a+ 
void the Danger of all forts of Grenado’s, and make a Jeft of them 
though they be pretty near, if before they burft he has ume to lay 
himfelf flat on the fame Plane which they fall upon: This I would 
have no Body forget, when they happen to be in fuch aSicuation as not 
only to be oblig’d to fee them, but alfo to take a Share of them. 


COROLLARY Ivy. 


. Thofe who are curious to know the great Things that have been 
performed by Grenado’'s in the feveral Wars, fince their Invention, may 
turn over the Commentaries of the Hiftorians who have in our Age 
. .recorded the Remarkable Tranfa@tions in the Low-Countries. 'Thofe 
~ Gentlemen will tell you (without my giving myfelf the Trouble of do- 
ing it) that amongft innumerable Means for expediting the Sieges and 
Surrenders of Placcs, and which contributed the moft to the Progrefs of 
the Arms on each fide, the vaft Expences of which were atmoft unequal 
to the entire Revenues of feveral European Kipgsand Princes; I fay, 
they will tell you that Grenado’s were always the chief and the firft 
Thing they had recourfe to; which by the Induftry of skilful Pyrodo- 
——_ - _ lifts 


! 


+ 
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iifts (in which, thank God, the Low-Countries are fo fertile, as to afford 
to fpare them to their Neighbours) were fhowered into befieged Places, 
and into the Enemy’s Trenches, which fuch prodigious Devaftation as 
cannot be reflected upon without Horrour, How many Veterans, and 
old Citizens have we living at this day, who count themfelves happy, 
and glory in having been prefent at thofe deftructive Scenes ? and feem to 
defpife fuch as have never been, like them, at the Siege of a Breda,a Boi/- 
deduc, an Oftend, or a Maeftricht, &c. which they‘look back upon, and 
defcribe to you with a fecret Satisfaction of having efcaped the Dan- 
er? ) - 

All thefe will concur with me, and conifefs, that the Grenado’s which 
were fent amongft them from the Enemy’s Lines of Approach, not only 
ftruck them with Dread, but alfo urged them to a fpeedier Capitulation 
than they defign’d. “And how was it poflible for them to hold out any 
great length of Time? For according to the Idea I have formed to my 
felf, they could fee nothing on all Sides but dead Bodies ftretched out ; 


People buried under Rubbifh; or elfe frightful Wounds; Arms, Legs, 
and Heads mafhed to pieces; together with the melancholy Ruins of. 
once-magnificent Edifices, promifcuoufly blended in one common De- 


ftruction with the obfcureft private Dwellings ; and all owing to Gre- 


nado’s. In fhort, we may believe that the Calamity was inexpreffible, 


and that the Inhabitants could find no Place of Refuge where they could 

be in Safety. : : 
But to corroborate what I have faid, and to fhew that I do not defirg 

you topin your Faith upon my Words only, I fhall recur to the Tefti- 


mony of two famous Authors who were prefent at the Siege of Bos/le-. 
duc and Breda, and who were careful Obfervers of every remarkable Oc- 
currence that happened. Firft then, Daniel Hetn/fius,in his Hiftory of the, 


Seige of Boifleduc, {peaks of Grenado’s in thefe Terms. The Enemy 


were not belind-hand with us in any refpect, but defended themfelves with, 
— fuch Bravery, that we could not gain an Inch of Ground upon them, but. 


by very great Compulfion, or by their own Will: During this, nothing 
was to be feen but Balls of Fire (by which he means Grenado’s) which 


were fometimes thrown by Hand, and fometimes flung through the Air by: 
Machines, and conveyed Fire and Dread wherever they fell; nothing more. 


cruel or frightful was ever feen; and no Word can be more expre/ive 
of their fad Effets, than Death itfelf: For whenever they fell upon 
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tke Ramparts or Houfes, the poor Inhabitants were put into the utmoft | 


Confternation; And almoft as often as our Engineers threw any amongft 


them, we prefently faw Honfebold-goods, Furniture, and Cloaths blown up 


into the Air; and it is not to be doubted but in a long courfe of Time, and 
by frequent Repetitions, fome of them fell into their Arfenals and Maga- 


zines. As for thofe which the Enemy threw among/t us in our Entrencb- 


ments and Works, we bad Opportunities of avoiding them, 


ef | Boxhornius 
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Boxbornius {ays fomething to this purpofe concerning Grenado’s, in 
his Hiftory of the Siege of Breda; namely: That three Houfes were de- 
molifbed by one of thofe Fire-Balls which were called Bombs. Grenado’s 
did not fall foort of them in Execution, from the Danger of which there 
was no efcaping but by a Miracle. — | 

But I shall pafs over a great number of Hiftorians, whofe Works are 
filled with Narratives of this kind; and fhall only appeal to the Perfi- 

_dious Mufcovites who are ftill living, and alfo to the multitude of Auxi- 
liaries that joined them, when they invefted and took the Fortrefs of 
Smolensko in white Rufia, (which was afterwards retaken from them in 
the Year 1634) to tell us what they know of the ftrange Havock made 
by the Grenado’s, which the Lithuanians threw into their Camp, incef- 
fantly for three Months together. But if they fhould be filent upon 
this Matter, our mighty Prowefs has ftunned them in fuch a manner (if 
I may fo exprefs myfelf) that they will have no more Heart to make 
head againft our Victorious Arms for the future, than if they had been. 
thunderftruck. —_ It will be enough if I inform the World that our Py- 
vobolic Thunder drove them to fuch Extremities, that thofe Barba- 
rians could find no Safety even in the Bowels of the Earth; and that 
though they took Refuge in the moft profound Caverns, yet our Gre- 
nado’s found them out, and did their bufinefs. In fhort; perceiving 
themfelves overwhelmed day after day with frefh Difafters, and being 
quite difpirited, they were obliged to throw themfelves, and all their 
Warlike Apparel and Habiliaments, at the Feet of our Invincible and 
Auguit King the Great Uladiflaus IV, in the moft fuppliant Pofture, 
begging Life and Liberty, that they might have the Satisfaction of end- 
ing their Days in their Native Country, rather than be Food for 
Wolves and Ravens in a ftrange Land. 

But let us now, on the other hand, confefs that there is nothing to pre- 
vent the Befieged from demolifhing the Befiegers Works, by Grenado’s,or 
from putting them into the utmoft Confufion and Diforder ; (though indeed 
not to compare, with the Calamities they caufe in inclofed Places) to 
confirm which, I fhall give you no other Example than the famous 
Siege of Offend, which was as Memorable on the {core of its Duration, 
as on account of the many gallant Perfons who there gave the moft con- 
{picuous Proofs of the moft Heroic Bravery. The famous Annalift 
Paulus Piafectus, Bifhop of Premiflaw, {peaks thus of it in the year 
‘601. They began with throwing a vaft many Balls of Fire, by the AF 
Siftance of Machines; fo that the Befeged had no where to fhelter them- 
felves; That there was nothing to be feen but Artificial Thunder and 
Lightning, flying backwards and forwards in the Air; and That to his 
Knowledge there were rather more than coooo thrown into the Town in 
one Month's time, and 20000 from out of it. | 

But to what purpofe fhould I dwell longer upon this Subject, fince 
we have ftill frefh in our Minds, Inftances of the famous Sieges carried 


on 
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on lately in Spain, France, Italy, Germany, Poland, and the Low- 
Countries, (which have always been the grand Theater of War, and 
principal School of Mars ;) not to mention particularly the vaft Num- 


bers of Towns, that have been invefted over all Europe ; and have by — 


rueful Experience found (as is alfo allowed by the moft expert Judges 
in Miltary Affairs) that Grenado’s are the Bane of the Befieged, the 
Ruin of Cities, and commonly the Death of moft of the Befiegers ; not- 
withftanding that it is certainly eafier for the latter to efcape the Danger 
of them, than the former. eee 


° a ic . a 
En a am SL = . + : 


CHAP. V. . 


Of { .Fire-Balls, which the Latins call Globi ‘Incendjarii or 


Igniti, she Ltalsans Palle di Fuoco, the Germans Ernft and 


Fewer Kugelen, zhe Freich Boulet a Feu, the Flemings 
Vyer Ballen, and the Poles Ognifte Kule. ae 


SINCE Fire-Ball are of a much elder Date than our Grenads's, it 


may be wondered why they did not take. place of them, as being 
the firft in the natural Order of Things: But the. fertile Invention of 
our Modern Pyrobolifts faggefting new Thoughts to. them every Day, 


towards the Improvement of the Old, or Contrivance of New Ma- 
chines, and. all New Inventions in every drt being commonly efta- 
blifhed in Prejudice of the Old, as if for being New, they are of . 
more intrinfick Worth, and more perfect than the former; Fire-Balls : 
{eem to have given up their Place, and to have yielded to Grenado’s ; - 
and are accordingly grown almoft out of Ufe. However, the frequent. 


Services thiey have done rendering it indifputable, that they are in fome 
fort ufeful upon Warlike Occafions; I fhall give you the Method of 
their Conftruétion, and fhew you their feveral Forms and Shapes with 
us; and thofe alfo which they had formerly ; together with Reprefen- 
tations of them drawn in the moft curious Manner I am able. But be- 
fore we enter upon a particular Defcription of them; let us examine a 
little into their Form, which will facilitate the making of them... 


The Form then of Fire-Balls may be very various, but the moft 


common is that of a Spheroid, or a Sphere : And in Confideration that 
they muft be made of coarfe Cotton Cloth, or any Cloth more fubftan- 
tial and ftronger, if any fuch is to be had ; ‘you muft, to expedite your 
Work, have Patterns (which the Germans call Muffler) by which. to cut 
out your Cloth, which fhall be afterwards fewed up in Oval Bags as a 


+ Our Carcaffes are an Improvement upon thefe, 


Rrr . Sphe- 
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Spheroid, dr itt Rowrid ohes a8 4 Sphere; which mult be afterwards filled 
with comibuftiblé Matter, and féverak Pytébokcal Cospofitions. 

The Patterns fot Spheroidied! Bags may be prepared after feveral 
Ways, fivé of which ? fhalf here conimunicate to yotts and Fir, Fake 
che Diameter of the Mortar, ftom whencé yoo até te project your Fire- 
Ball, and fetting it off dpon forhé Plane, divide # into 4 equal Parts, as 


Fig. 13¢. may bé feén in Fig. 130. Thiet fixing ore Foot of yotir Compaffes at. 


Vig. 131. 


Fig. 132. 


Fig. 133. 


thé Extreititty of ché Diametet (d/z.) at By extend the other to 3 of the 
faid Diameter (vzz.) to C; and with that opening defcribe an Arch of a 
Circle D C E; then thifting your Compafles to the Point C, with the 
other defcribe another Arch of a Circle D B E, interfecting the Firft 
in the Points D and E; by this means you will have a longifh Figure 
comprehended between thé two equal Arches D C E B, which will be 
the Pattern for your Fire-Bal/. This done, cut out four Pieces of ftromg 
Cloth; by the faid Parterh, and few therht well tugethet, and you will 
Rave a Bag in the perfé@ Form of 4 Spheroid, after it is filled with an 
Artificial ce On. _ | 
‘The Second Way of fafhioning Patterns for Five-Balls is thus: Ti- 
vide (as we ordered abote) the Diameter of the Mortar inte 4 equal 
Parts, as may be feen in Fig. 131. Then extending the Diameter A B 
ag fat as €; in fire d Mariter chat A C thay be double of the Diameter 
AB, you fhall divide the Additioxal Line BC mvo 4 equal Parts, fo 
that thé whole Line A € may be divided into 8 equal Pare: Take then 
$ with the Compa, and From thé Point A which is one of the Exrres 
mitiés Gf the Line AC, defcribe an Arch of a Circle towards Cs and 
then teciptécally from C defcribe another Arch irerfecting the Firft in 
the Points E and HD; and thus you Will have arocher Pattern which will 
be & fixtf Part of a Spherdidical Bag. Therefore by thie Pattern thall 
you ciit due fix piecés of Cloth, and few them ftrongly together to 
make your Bag. | | | 
_ Under Number 132 you have three different Ways of making thef 
Patterris; the Firft of which (viz.) A, is done by afluming the Diame- 
ter of the Circle for the Radius of the Arcs. The Second (vz.) B, by 
the mutual Interfection of two Circles, whofe Diarneters are equal to 
the Diameter of the Mortar. Ih fhott, the Third is infcribed withm 
the faid Citcles. Thefe three different Methods give Patterns for three 
different Spheroidical Bags, wheh three Pieces otily are fewed together. 
The commion Way of formihg Patcertts for perfectly Round Bags, is 
thus: The Diarheter of the Mortar being biffected into two equal Parts, 
defcribe a‘corripleat Ciicte found it, Which you fhall quadrife& into four 
Quadrants, each of which fhall be tri{eéted into three equal Arches. This 
done, produce ‘a Right Line; upon which you fhall fet off 19 of the 
Subdivifions of the Quadrants, as may be feen in Fig. 133 under the 
Letter A where A B 1s the Diameter of the Circle, and B-C the Right | 
Line divided into 19 of the abovementigned Parts, each equal to } of a 


Quadrant 
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Quadrant of the eforcfaid Ciscle, Now if you fix ane Foot of your 
Compaffes at the Extremity B, and extending it ta the Eleventh Di- 
vifton deferibe an Arch of a Cirche; and if you reciprocally defcribe 
another Arch of a Circle ineerfectmg the Firft in the Paints E and D, 
you will have a Pattern for Rovad Bags: Therefore cutting twelve Pie- 
ces of new Seuff by this Pattern, and fewing them together, you will 
have a Sphericat Bag, 

Fn the fame Figure you have another Method of doing this, under 
the Letter B; which I have taken from Chap. }. of Book IE. of Die- 


gus Ufanus's ‘Artillery ; ; “* Having taken the Diameter of the Mortar, 


“ infertbe it in 2 Circle, which being divided into Quadrants, by ano- 
“ cher Diameter imerfecting the firft ae Right Angles through the Cen- 
* ter of it; you fhall from the Extremities of the Chord or Subtenfe of 
“ any one of thofe Quadrahts, defcribe two Arches interfecting each 
* other; arid from the Poite of their Tnterfection defcribe a Thisd Arch; 
“ {o that they may compofe an Aiquilateral Spherical ‘I'riangle. ‘This 
“ done, cut out 8 Piects of Cloth by this Pattern, and few them neat- 
“ ly together, and you will have a Spherical Bag.” If you would pow 
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{ee the manner of — thefe Bags, eaft your Bye upon Figures i 34 Fi Fg. : 3 


and’ 135. 


Compofitions fr Fire-Balls, 


Notwithftanding that all the Compofitions we have already given for 


Water-Gicbes, might ferve for Fire-Balls ; yet becaufe thefe require to 
have them a little more violent, and are to dart forth a very lang Flame, 
and vomit out a great Quantity of large Sparks, to the end that fuch as 
would endeavour to {tifle them may not be able to approach near them; 
1 fhall touch upon an infatlible Way.of preparing them, and elfo of a 
ing them after they aremade, 


COMPOSTTION I, 


"Take of Meal Powdor 40 dbs of = 2 Ib; of: Sulpbur a one: Ibs 
-and.of \Ootophone one: Tb. 


COMPOSITION IL. 


Take of Meal Pewder.6 lb; of Saltpeter 4 Ib; of Sulphur 2 Jb ;. of 
coarfe Powder of Glas one ib; of Crude Antimony ib fs; of Camphire 
1b {s; of Sal Armontac one tb; and of common Salt Z iiij. 


COMPOSITION II. 


Take of Meal Powder 48 tb; of Saltpeter 32 Ib; of Sulpbur 16 tb; 
Of Colophone 4 tb; of F ilings of Iron or Hammer-law : 2 Ib; of the Saw- 
duft 
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duft of Fir or Pine boiled in a Saltpetrous Water and then dried, 2 1b; 
and of Birch Coal one IE. 

The Powder fhall be firft reduced to a very fine Meal for all thefe 
Compofitions, and pafied through a very fine Hair Searce: As for the 
other Ingredients, they fhall be but indifferently pulverized ; becaufe if 
they were to be reduced toa very fine Meal, the Compoftion would emit 
but very fmall weak Sparks, and thofe not to any great Length. Or 
on the contrary, by being in pretty large Lumps, one Ingredient could 
not well incorporate with the. reft, buc would ‘all burn independant- 
ly of each other, and lofe the Fire before it could have time to in- 
flame the Whole : You muft therefore be very careful in preparing thefe 
Compofitions, the Goodnefs of which may be tried as follows. 

Take a wooden Fuze, or a Paper Cafe, no matter which, of the Height 
of half a Palm, and the Orifice of it the Breath of half a Finger 


only: Fill it with = Compofition, and meSty, obferve the following 


Prognoftics. 

If the Flame rifes to the Height of a Palm, that 1 oe to twice the 
Height of the Fuze which contains it. 

If it throws out a good quantity of Sparks on all fides, with a pretty 


great Noife and an acute Crackling ; which falling upon the Head of a 


Drum have Strength enough to break through it, or at leaft Heat enough 


~ to burn it. 


If, in fhort, it burns during the Time you can ‘heat the Apofiles 
Creed. 

I fay, if you obferve all thefe Indications, you may scechi that 
your Compojfition is in very good Temper ; therefore you may not only 
ufe it for your Fire-Balls, but alfo for your Fire-Lances, Clubs, Gar- 
Jands, Crowns, Darts, Fire-Hoops, and the reft of your Pyrobolical Ma- 
chines, which we thall {peak fo amply of in the Sequel. But if you ob- 
ferve your Compofition to be either a little too weak, or too ftrong, you 
may eafily make amends for it by adding Qytck or Slow Matter to it. 
You will not do amifs, if you fprinkle your Compoftion over with a little 
of fome fort of Oil, that the Ingredients may unite the clofer, and that 
if your Bal/ happens to fall into Water, or any. damp Place, it may 
be enabled thereby to maintain its Combuftion. with the greater Obfti- 
nac 

Having thus given you’ the proper Compofitions for Fire-Balls, 1 can 
do no lefs than proceed to inftruct you in the Preparation of the feveral 
Species of them, and fhew you how you are'to charge them. 
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Book lV. Of the Great Art of ARTILLERY. 


Of FIRE-BALLS. 


SORT I. 


For this, you fhall firft make a longifh Bag, according to the Order 
and Method already laid down, and fill it up to the Brim with one of 
the above Compofitions, prefling and fhaking it down as much as poffi- 
ble, till ic is almoft as hard as a Stone. Then ftopping the Orifice of it 
with a Wooden Stopple D; take two Iron Rings, of which that which is 
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to be uppermott upon the Ba// (you have it reprefented in B, Fig. 136) Fig. 136. 


fhall be + of the Diameter of it ; and that which is to be beneath fhall . 


be but § only: You have this in Letter A. 

But I muft beg your favourable Acceptance of what I have here 
taken from Brechtelius’s Pyrotechnics, relating to this matter. “ He 
“ fays then, that for Balls of 100 It, the upper Ring fhall be 3 3 Uncie 
“ or Inches, and the Lower one 3 Uncie only.. For Bails of 75 ib, the 
‘© Upper Ring hall be 3 Uncie, and the Lower one 2% Uncie. For 
“« Balls of 50 Ib, the Upper Ring fhall be 2 } Uncie, but the Lower one 
“2 Uncie only. For Balls of 25 Ib, the Upper Ring fhall be 1 ! Un- 
“cia, but the Lower one 1 $+ Uncia only. For Badls which exeeed 
“¢ roo tb, as for Example, 125, or 150, or more; the Rings fhall be 


“< increafed half an Uncia for every fifteenth Pound. As for Ba//s be-' 


“* tween the Fifteenths, their Rings fhall always obferve a Medium, be- 
“< tween the next greateft and the next leaft; in fhort, they fhall be 
‘© proportioned as fhall be judged moft convenient.” As much may be 
faid of their Thicknefs, for according to the Size of your Balls mutt 
you make your Rings more or lefs fubftantial, in which you muft be 
guided by your Eye. Uponthe whole, you mutt take Notice when we 


mention the Weight of a Fire-Ball, that we mean, if the Diameter of © 


the Mortar from whence it is to be projected was to be applied to that 
Side of the Cahbre Scale which is calculated for Stone Bullets, it would 
point out fuch a Number of Pounds. This you muft keep in mind, 
throughout the Remainder of this Di/courfe. 

Suppofe now you have two Rings of proper Dimenfions, one for the 
Top and the other for the Bottom of your Ba//: Take a ftrong Cord 
or Line ( whofe Thicknefs muft not exceed that of the Rings) of the 
Length of 8 or g Yards, more or lefs according to the Size of your Ball, 
and tying one End of it to either of the Rings, and pafling the other 
through a Needle (as may be feen in the Figure) lace your Bail tightly 
round with it, obferving to do it in fo neat a manner, that your Lacing 
may appear like little Ladders of Cord, or (to give you a better Com- 
parifon ) like the imaginary Meridians and Parallels drawn upon a Ter- 


refirial Globe, cait your Eye upon Figure 137, where you will fee it Fig. 137. 


juft as I have defcribed it. | | 
S{f Now 
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Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Now to eafe you of fome of the Trouble you might be at in Lacing 
or Cording thefe Balls, I have given you the Conftruction of a Wooden 
147. Stool in Fig. 147, upon which if you fix your Ball between the three 
Iron Spikes which you fee bent outwards, you may conveniently per- 
form your Work. _ If you fhould fometimes happen, through too much 
Hafte, or for want of being ufed to this Work, to make any Slips or 
Miftakes in your Knots, &c. you may undo them with the Marline+ 
150. Spikes, which you fee under Number 150, diftinguifhed by C and D, 
and E: Aand B are two Copper Needles. 

Having thus laced or corded your Ba// after the manner we have or- 
dered, you will have nothing to do, but to thruft ron Crackers into 
the Body of it, which you may eafily do by the help of thar little Con- 

149.trivance like a Pole-Ax which you fee in Fig. 149, or fuch a Borer as 
146.you fee in Fzg. 146. But before I proceed farther, I muft fay fome- 
thing concerning the Proportions of thefe Crackers, how they are to be 
fixed, and what Order is to be obferved in charging them; becaufe we 
fall, for the future, make great and frequent Ufe of them, as very ne- 
ceflary Adjuncts to the feveral Balls we fhall prepare. 

Pyrobclifts ufually make three Sorts of Copper or Iron Crackers, for 
their Fire-Balls, and each of a different Length ; to which they are in- 
duced by fufficient Reafons and continual Experience, which (according 
to the common Saying) is the Mother of all Things. The firft and longeft 

137-of the three you have in Fig. 137, where it is diftinguifhed by the 
Letter A: B is the middling or mean one; and C is the leaft. We 
fhall give Reafons for this Inequality hereafter; but as to their Length 
in general, you muft obferve the following Ru/es. 

You fhall divide the Diameter of a Fire-Bal/ into 4 equal Parts, one 
of which will exactly give you the firft Cracker without its Point. The 
Second fhall be 3; of the Length of the Firft, and the Third #;; or if 
you would rather choofe to proportion them by the Diameters of Bu/lets, 
you fhall proceed as follows. 

For Centenary Fire-Balls, by which we mean fuch wile Diameters 
are equal to that of a Stone Bullet weighing 100 Tb, the Crackers thall 
be made of Iron or Copper Plates turned into Tubes, which fhall be fol- 
dered both without and within if poffible, and their Orifices fhall be re- 
inforced with a Ring of the fame Metals. The Diameter of their Ori- 
fices fhall be equal to that of an Ounce of Lead; and their Length fhall 
be 6 of the fame Orifices; I here mean the longeft Crackers only ; for 
the middling fhall be but 5 : Diameters; and the leaft but 5. For 
fire-Bails which fall fhort of this Weight, the Diameters of the 
Leaden Bullets fhall be infenfibly diminifhed, and the Lengths of the 
Crackers fhall be proportioned, as I faid juft now: You mutt only ob- 
tcrve liere, that the Leaden Billets which are to determine the Diame- 
ters and Lengths of the Crackers for Fire-Balls of 25 tb, fhall weigh 
half an Ounce: But for the reft down from 20 to 15 or 10 Tb (which 

are 
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are the leaft that ought to be made) the Leaden Bullets fhall weigh at 
leaft two Drams: The Lengths of the Grackers muft be as I have faid 
above. 

Your Crackers being thus ordered, take the little Pole-Ax, or an Iron 
Spike, and driving it with a Wooden Mallet, which you have in Figure 
148, into the Spaces between your Cording, thruft your Crackers into Fig. 148. 
thofe Holes, in fuch Order that the longeft of them may be in the mid- 
dle part of the Ba//, and beneath them towards the Bottom you mutt 
drive in your lefler; and in fhort, all round the Vent and towards the 
Top you fhall drive in your leaft, fo that the Ends of them may be 
turned downwards towards thofe of the longeft. However, you mutt 
be cautious how you put them too near the Vent, for fear of their go- 
ing off too foon. You fhall likewife take Care that they be not all in 
one Pofition, but that they be diverfly difpofed, in fuch manner that 
their Ends may be turned alternately upwards and downwards to the 
Right and to the Left, that they may not go off many ata time, but by 
degrees one after another. 

If it happens that your Fire-Ball is fo folidly or clofely filled, as to 
refufe Reception to fo great a Number of Crackers, as muft of ne- 
ceffity be thruft into it, you fhall (after having driven in the Spike of 
your little Pole-Ax) compleat the Hole with the Borer 146, or fome 
Tool like it, with which you may fcoop out fo much Compofition as will 
make room for your Crackers. 

When thefe Crackers are driven into the Body of your Ba//, you fhall 
fill them with good Powder to the Height of 3 Diameters of their Ori- — 
fices, and over that a Leaden Bullet, and then a good Wadd of Paper or 
Tow; and let them be clofely ftopped up. 

To conclude ; the Vent of your Ball fhall be made within the Upper 
Ring, by cutting the Cloth crofswife, or like a Star; but you fhall noc 
have one only; for you fhall make three others in a Triangular Pofi- 
tion, and at the diftance of 3 or 4 Inches from that in the middle, 
which will be of great Service, and make your Fire-Ball as effectual as 
you could wifh. Thefe Holes are made to facilitate the Accenfion of 
the Compofition, and to prevent its Fire from being eafily fuffocated by 
the Enemy with raw Hides, wet Bags or Matrefles, &c. and to affift ic 
if it fhould fall into foft Earth, or Mudd, Afhes or Green Turf. 

__ Being thus adjufted, it is neceffary to dip it into a certain Compofition, 

which the German Pyrobolifts improperly call Tauff, and Ernftkugel 
Tauffen, which fignihes to baptize a Fire-Ball ; this is to be done as 
follows. 

Get firft an Iron or Wooden Ring equal to the Bore of the Mortar 
you would ufe, the Figure of which you have in 145 under Letter A : Fig. r4$. 
In the fame Figure you alfo have a Wooden Board or Iron Plate, bored 
through with Holes of various Sizes, as in Letter B: Either of thefe In- 


ftruments are very convenient for meafuring the Circumference of your 
Ball, 
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Ball, that you may not inadvertently make it unfit for the Calsbre of 
the Mortar, in lacing it and in coating it with the following Mixture. 

Take then 4 Parts of Ship Pitch, 2 Parts of Colophone, 1 Part of 
Linfeed or Turpentine Oil, and melt and mix them well together in any 
large Brafs Boiler, or glazed Earthen Pot; and taking this liquid Mix- 
ture from the Fire, throw as much Meal Powder into it as may be 
fufficient to thicken it: Then holding your Ba// by a String dip it into 
this Stuff up to the Vent, (which fhall be previoufly and tightly 
{topped up) and afterwards coat it round with Tow, that its Convexi- 
ty may be perfectly {mooth, and the Knots entirely hid. 

Whilft you are dipping it, you fhall from time to time meafure it 
by the above Contrivance, and continue the Immerfion of it ’till it is 
exactly of the due Calibre you want. You have this Fire-Ball moft 


Fig. 137.curioufly reprefented in Fig. 137: But we have faid enough of it, let 


us therefore proceed to the reft. 


SORT IL 


In the Preparation of this, you muft firft have a Bag, (no matter 
whether it be Spherical or Spheroidical;) in the Bottom of which you 
fhall fix 6, 8, or more Hand-Grenado’s with very fhort Fuzes, which 


Fig. 138. fhall be turned downwards ; (as you may perceive in Letter C Fig. 138,) 


thefe Grenado’s fhall be afterwards buried under a proper Compofition, 
with which the Remainder of your F%re-Ball thall be quite filled up: You 
fhall then have two Iron Bafons like Scales, the Rims of which fhall be 
bored through with little Holes. That which you defign to be upper- 
moft, fhall be open at Top like a Milk-ftrainer ; thefe are diftinguifhed 
by A and B. To the opening of the upper Bafon you fhall folder an Iron 
Fuze, which mutt be filled with one of the Compojfitions we have al- 
ready given for Fuzes, - 

This done; clap your Bafons upon the Top and Bottom of your Ba//, 
and lace them tightly on, through the aforefaid Holes in the Rims of 
them; and dip and coat this Ba// as you did the Former. You are to 
add fron Crackers to this, if you will; but you muft take care that they 
do not interfere with the Grenado’s. 


SORT ID 


Take a round Bag, which being filled with Compoftion may forma 


Fig. 139. Spherical Ball, fuch as you fee in Fig. 139, 140, and 144, Firft fill 
140 it with Corn-Powder to} of it’s Height, and let it be inter{perfed with 
and 144T eaden Bullets, bits of Iron, pieces of Flint, and fuch like Things. 


The reft of this Ba// fhall be filled quite up with one of the Compoj/itions 
already given for Fire-Balls, and fhall be adjufted on the Outfide like 
the laft. You have this, in F7g, 140. 

In 


( 
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In fhore; take a good quantity of Leaden Bullets of an Ounce, or 
half an Ounce weight, with each a little Iron Needle or Point belong-F'8- 139 
ing to it. Arm all the Interftices of your Lacing with thefe, by dri- 
ving them into the Compofition; and coat this Ball asbefore, that nei- 
ther the Bullets nor Lacing may appear. The Fuze for this (which you 
fee in A) thall be filled as ufual. | : 


SORT IV. 


The Bal] 1 am now going to prefent you with, is moft horrible in 
its Effects; which are the more frightful, becaufe the Treachery of its 
Conftruction can be.no way fufpected; For what can be more furpri- 
fing to the Poor People, amidft whom fuch a Ball is fent, (who ta-— 
king it to be one of the ordinary Sort, and accordingly ufe their ut- 
moft Endeavours to ftifle it) I fay, what can be more furprifing to them, 
than to be on a fudden moft cruelly butchered by it: And what is farther 
extraordinary, it does not perform its Execution all at once, but by a 
_ Repetition of 3 or 4 Times, which ftill makes it the more dreadful. © 

If you would learn the Conftruction ‘of this, you muft mind the fol- 
lowing Diretions. 

‘Take the Diameter of the Mortar you intend to ule, and divide ic 
into 5 Parts in a Stereomettical Proportion. - Now though I appre- 
hend I have fully inftructed you in this Operation in our Fir? Book ; 
yet in confideration of this wonderful Invention, I thall fubjoin the 
following Method. — 

Look into the Table a. ‘Cube Roots (which you have in Chap. r. 

of Book 1.) for the Number of equal Parts, contained in the Fifth 
Root, and you will find it to be 171: Divide then the Diameter of 
your Mortar into 171 equal Parts. And fince in the faid Zad/e the Firft 
Root is compofed of 100 Parts, you fhall take 443 of the whole Diame- . 
ter abovementioned, for the Firft Portion; 432 for the Second; 34! for 
the Third, and 335 for the Fourth, which laft muft be added to the 
Fifth, for Reafons hereafter given; in fhort, I need not tell you that 
the Fifth will be 171 Parts. 
_ Thefe Cubical Portions of your Diameter being found, you mutt 
infcribe the Firft, Second, Third, and Fifth, in any Circular Fi ‘igure, 
as if they were Original, or Primitive Diameters (as we fhewed in the 
fame Chapter.) - Thefe Circumferences will ferve you for forming 
Patterns to cut out your Bags by. | 

I have given you a Fire-Ball of this Conftrugtion i in Fug. 141, which Fig. ‘qh. 
indeed is Oval, though I muft own I like the Round beft. The 
greateft (viz.) A, which contains 3 fmaller, has its leaft Diameter, or 
(or if you will) its Breadth, equal to the Fifth Portion, or (to {peak 
more intelligibly) equal to the Calibre of the Mortar it is to be pro- 
jected from: The like Diameter of B, is the Third Cubical. Divifion ; 

Tee and 
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and the Diameter of D, is the Firft or Leaft. All thefe Diameters are 
mean Proportionals betwixt two Extremes. The order they obferve, 
both as co Capacity and Bulk is thus: If the Firft or Leaft Ball, D, 
contains one Ib of Cempoftion, the Second C will contain twice as 
much ; and the Third will hold 3 1b, Thus thefe three, contained by 
and in each other, need only have 1 Ib of Powder for every one in 
particular. : 

In fhort, the Fourth and Laft would be fufficiently capacious to 
contain 5 ib of Compoftion; but as the Third is to be included in it, 
which on the other hand holds the two which are lefs than itfelf, ir 
will require but two Pounds of Compofition to fill it quite up. ‘The 
Reafon why this Laft Shell or Bail is allowed a greater quantity of 
Compofition than the three others; is, that the three Leffler, upon the burft- 
ing of the Greater, may fuddenly take fire one after another; fo.as to 
give the Enemy no Opportunity of fuppreffing or extinguifhing them, 
and confequently they fhould have but very thort Fuzes. For as the 
whole Bai! (as compounded of al) the reft) takes up fome time in its 
Projeétion, and requires a few Moments before it breaks after it is 
fallen, it is proper to allow this Fifth Sheff or Bag that Portion of 
Compofition and Fuze which would have been taken up by the 
Fourth. — | | 

_ Ag to the ConftruGion of thefe Bails thus contained in one another, 
I have told you above, almoft as much as can be faid of it. But I 
think I had as good repeat it over again. 

The Leaft then fhall be filled according to the Method prefcribed 
for the foregoing: (viz.) You fhall fill ic to of its Height with the 
beft Corn Powder, and the remaining Third with one of the above 
Compofitiens: Ie faall then be well corded, and armed with Leadea Bul- 
fets, and coated with Glue and Tow, inftead of Pitch, When you 
put this Firfk into the Second, it muft have its Orifice exactly anfwer- 
ing to the Orifice or Vent of the other. The Second thall be filled 


with Corn Pewder to the Height of the Firft Ba//; and the remaining 


Vacancy with the fame Compofition. This likewife thall be firmly laced; 
and between the Lacing it fhall be armed with Iron Crackers loaded 
with Powder and Baill, fo low as the Compo/fition reaches; But Care 
mut be taken that thefe Crackers be not fo long as to incommode the 
included Baf/: Beneath thefe upon the Corn Powder you fhall add 
Leaden Bullets, and under them you fhalt ftick in little Iron Spzkes to 
fill up the Interftices of the Cording. In fhort, this Bal! thall be 
coated with Glue and Tow like the foregoing. The Third fhall be 
prepared exatly like thefe two. And finally, the Laft and Greateft 
fhall be ordered juft like the three former ; but it will bear to have its 
Crackers longer, and in greater Number. It thall alfo be armed with 


_ Leaden Balls, all aver that Past af it which contains the Corn Powder. 


In fhart, you fhall coat it in the fame manner as we ordered for the 
above 
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above Species of thefe Balls, and be ( jutk like them) moft exadly fitted 
to the Bore of the Mortar. 
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Obferve here, that it will be proper for the thtee Balls contained in _ 


this laft to have three Verts' pretty near to each other, which fhall be 


filled with Meal Powder to facilitate their Aecenfion, and render it a 


difficult matter to fupprefs them. 
SORT V. 

‘This Fire-Ball is moft commonly fhot font Cannon, and particularly 
when you would fet Fire to the loftieft Edifices of a Town; or burn 
any Wooden Houfes, particularly when they are only roofed with 
Shingle, or thatched with Straw or Reeds; which manner of Building 
is the moft common throughout Poland, Lithwania, Rufia, Sweden and 
Mufcovy. Cornelius Nepos tells us, in Phin. Lab, XVI. Cap. X. chat be- 
fides feveral Towns in Spain and France, (witnefs Cafar) even Rome it- 
felf was only covered with Oak Laths for the Space of 470 Years. Add 


to this the Teftimony of Vitruvius, who confefles in Lid, I. Cap. 1. that 
the Palace, or rather the Cabbin of Romulus, was only thatched with 


Straw, which in Commemoration of that firft Founder of the Roman. 


Ezspire was always kept whole and entire. This was the ificent 


Pile that Virgil. {peaks of Aineid, VIII, where dass defcribes the Work on 


Fineas’s Shield. 


In fummo cafes Tarpeic Mankus arcis 
Stabat pro temple, & Capitelia celfa tenebat 3 
Romuleogue recens borrebat regia Culm. 


In English thus : 


High on a Rock Heroic Manlius ftood ; 
To guard the Temple and the Temple’s God. 
Then Rome was poor; and there you might behold, 


The Palace thatch’d with Straw, now roof’d with Gold. Dryden. 


Ovsd alfo gives us to underftand that the Habitation of this Fitft Ro- 
man was only thatched with Straw: I leave you to judge what fort of 
Dwellings the reft of the People had. 

I fay then, that it will be very proper to fhoot Fire-Balls from Can- 
non at fuch kind of Edifices, except they are fo low, or the Ramparts 
fo high that they are hid from Sight, for in that Cafe it would be beft to 
project them from Mortars. 

Mott of the Sieges which have been earried on in our Country, have 
furnifhed us with Examples, fufficient to evince the Utility of this Con- 
trivance. Methinks I now fee Biall, a little Town in Severig, not in- 
oo fortified or garrifoned, which was s invelted the fame Year as 

the 
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the Mu/covites were forced to deliver up themfelves at Smolensko, by that 
Heroical and Magnanimous Prince Chriffopher Radziville Palatine of 
_Wlna, General of_the Armies of the Great and Mighty Dutchy of Li- 
thuanias 3 who — that Siege like a brave Captain, and an excel- 


go weow ” 


thatched or covered with meh ge which did them fach Mifchief as is 
not to be conceived, and all they could do, could not preferve their 
Town from the Flames. Thus thofe Barbarians found by Experience, 
that Art and: Stratagem are always attended with better Succefs than 
blind-Rage or inconfiderate Rafhnefs. 

I cannot pafs over. what -fu/tus. Lipfius relates in his Poltocreticun; 
concerning the prodigious Devaftation made by Fire-Balls in certain Pla- 
ces of Mu/fcovy and Livonia, which were befieged and taken by Stephen 

King of Poland; he writes to this Effect: This great King invented 
Fire-Balls which be threw into the W aoden Retrenchments of the Mufco- 
vites and Livonians: Upon which thofe Barbarians complained that the 

, Laws of War were violated, and the Honour of Arms polluted, by fuch un- 
fair and unprecedented Dealings: But our People laughed at them and 
their Remonftrances too, and rejoiced in their own Succefs. 

- Thefe Fire-Balls are fometimes ufed in Sea-Fights, to burn the Ene- 
my’s Sails and Rigging; in fhort, to deftroy their Ships: But thefe. 
fhould be armed beneath with a bearded Harpoon, to. run into the. 
Planks, and to make the Danger of them inevitable: Or that being fired 
at the Sails the Harpoon may go through them, and keep the Ball 
hanging in them: (But [am inclined to think that the Body of the Bal// 
would be driven through the Sails; and that therefore it would be better 
to fhoot Fire-Darts and Arrows at them from a Crofs-Bow) I fay, the. 
Harpoon piercing through the Canvafs, and the Ba// being naturally 
urged to hang downwards, and the Beard of the Harpoon hindering it 
from falling down, the Sails cannot avoid taking Fire. All that can be 
done in fuch a Dilemma, is at once to clew up the Sails and ftrike the | 
Yards, in order to extinguifh the Fire upon the Ship’s Deck; which 
muft put the Enemy into unfpeakable Confufion. 

Fig. 142. The Fafhion of this Ball is clearly expreffed in Fig. 142. The Har- 

) poon I have mentioned is under A. This muft be ordered by the very 
fame Rules as the reft we have defcribed ; Crackers loaded with Leaden 
Bullets would render it dangerous to approach it. 


SORT VI 


This laft Sort of Fire-Ball bears fome refemblance to that Old Gre- 
nado, the Figure of which you have in Number 115 in its outward 
Form ; butI cannot fay there is any great Likenefs between them in their 
Effects. This Ball: is grown antiquated and entirely difufed, on the 

{core 
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{core of its Form, which will not permit it to move freely through the 
Air; for we have found by Experience that thofe Projeétiles which 
come the neareft to a Sphere meet with the leaft Refiftance from that 
Element ; therefore this, approaching nearly to a Cylinder, it muft be 
attended with fome Inconveniences in its Motion: But I fhall not dwell 
upon this Point, it being my Defign to treat of it here-under. You have 
the Conftruction of this Fire-Ball as follows. 

After having taken the Diameter of the Mortar you are to ufe (fee Fs- 
gure 143) conftitute a Parallelogram whofe Length is Triple of its Fig. 143: 
Breadth ; fuch as you fee in the Parallelogram G I K H: Its Breadth 
GH or I K is equal to C F the Semi-Diameter of the Mortar; B C 
being the Diameter of it. Its Length G I or H K is treble its Breadth, 
or 1 tof the Diameter BC. Then from the Points G and H defcribe 
the two Arches H D and G D, mutually interfecting each other in D : 
But from I and K you thall form the guilateral Triangle 1K E. 

By a Pattern of this Shape, you fhall cut out fix Pieces of ftrong 
Cloth, to make your Bag fo as to fit the Calibre of the Mortar, which 
Pieces fhall be artfully fewed together ; leaving only an Opening at Top 
by which to put in your Compoftion. It fhall be then corded as you fee 
in Letter A. 

Having done all this, you will have a Cylindric Fire-Ball, with a 
Spherical Head and a flat Bottom, which fhall therefore be put into a 
flat-bottomed Mortar; fome of which we hall give you in the Second 
Part of our Artillery, in our Book of Mortars, | 


COROLLARY I. 


Of the feveral Shapes that may be given to the Pyrotechni- 
cal Projectiles ; which of them are the beft adapted to 
recesve the Impreffions of a moving Force, and to retain 
sheir Motion after it ss once communicated, 


6 seri are many who are of Opinion, that fuch Projeétiles as have 
a flat Bottom do not require fo great a Quantity of Powder, to 
carry them to as great or even to a greater Diftance, than thofe which 
are perfectly Spherical: This I fhall demonftrate according to their 
_ Way of reafoning, without deviating in the leaft from their Arguments. , 
The Modern Mortar's having their Lengths moft commonly but 2 or 
1 + of their Diameters refpectively, and fometimes but one only; the 
Powder in their Chambers being inflamed, and accordingly ftriking a- 
gainft the Ball or Bomb to project it, does not act with its whole Strength 
| Uuu . upon 
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upon ic, but the Flath endeavours to efcape through the Windage of ic, 
choofing rather to make its Excurfior through a free Paffage, than be 
obliged to remove the fuperincumbent Weight, and therefore does not 
{trike the Bottom of it with all its Force. The Reafon of which is, becaufe 
though the Convexity of an Hemifphere is always double of its Bafe; 
{according to the Doétrine of Archimedes, Prop. XXX of the Sphere, and 
of the Cylinder Lib. 1.) yet if from the Imaginary Points which the Bafe 
is compofed of, you produce right Lines extending to the Convex Sur- 
face of the fajd Hemifphere, you will find that you cannot affign a 
greater Number of Points to its Convexity than to the Plane or Bafe up- 
on which ir refts. Now the farther any of thefe Perpendiculars are 
from a certain Line, which you muft fuppofe to extend from che Center 
of the Bafe to the Vertex of the Hemifphere, the fhorter will they be ; 
and confequently, any one of the Imaginary Points on the Convexi- 
ty of an Hemifphere being applied to any Plane, will immediately 
touch it, and be touched by it; but rhe Points or Extremities of the 
other Perpendiculars will be exempt from any Contact; becaufe thofe 
Perpendiculars are fhorter than the 4x15, which is chat Perpendicular 
we juft now fuppofed to be in the Middle: Therefore there can be bur 
one Point of Contact between any Plane, and the Convex Surface of an 
Hemifphere. You have this largely and curioufly handled by Clavius 
in his 1 sth Prop. and 16th Book II. of Euclid: See alfo Marius Betti- 
nus Vol. YI. Book II. in his Scho}. upon Prop. 1. of Euchd Book YI and 
III, and in the following; as alfo in Theodof: Tripol. Book I. of Spheres 
Prop. III. 

If now we fuppofe the Moving -++ Power of any Gun-fowder, or the 
Flafh of it, to extend itfelf in fuch a Form as to have a plane Superficies 
towards the Projectile; this Plane will {trike and project it in a Point 
only: Therefore muft we conclude that the whole impulfive Quality of 
it is not united, and that it acts upon a Spherical Projectile with only an 
aliquot Part of its whole Force; for a Plane is compofed of an infinite - 
Number of Points, whofe Actions and Affections are a] independent of 
each other, wherefore the Affection af the Central Point has nothing 
to do with that of the others extended all round it, nor has the leaft 
Communication with them; (but you muft here make Allowance for 
the different degrees of the Natural Solidity of Bodies, which quite al- 
ter the Cafe) on the contrary they inftantly move on, and difperfing ip- 
to Rays which embrace the whole Convexity of the faid Projectile, and 
acting in an oblique Direction upon the Points of the Convex Surface 
of it, they cannot be faid to drive it out with their compleat Energy ; for 
oblique Rays are ftronger or weaker the more or lef$ they decline from 
a ftrait or perpendicular Dire¢tion, the Truth of which may be demon- 
SRE 
‘+ Where-ever in the Sequel you meet with the Terms Moving Power, Moving Cau/fe, and fuch 


lke, you are only to uuderftagd by them the Fla/b, of the Powder im generals were Thefe Terme 
are chholen to avoid Jauiulogy, . 
oe {trated 
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{trated from Vitellio’s Optics, &c. Therefore we muft conclude that 
the Flath of Gux-powder does not praject a Spherical Body with its wnit- 
ed Strength, and that a Sphere is almoft unfit to receive the Impulfe 
of it. Bur it isnot thus with a Flat-bottomed Projecfile ; for as all the 
Perpendiculars which you may fuppofe to defcend from the Vertex og 
Convexity of it, terminate in the Plane of its Bafe, and whofe Points or 
Extremities compofe the Flat Bottom of fuch a Body, the Plane Sur- 
face of the Flafh muft impel it with its full and united Power; for 
every Ray of it muft of neceffity ftrike fome Point or other of the Bot- 
tom of fuch a Projecfs/e in a right Direction, and rebound immediately 
back again, according to the Nature of the Rays of all Luminous Bo- 
dies, with whom (as we are taught by Optics) the Angle of RefleCtion is 
always equal to the Angle of Incidence. Wherefore all the Rays in ge- 
neral being confined and refifted by the Body they would projet, and 
having no room to efcape through the Windage of it, they unite their 
whole Might to remove the Obftacle which oppofes their Freedom, and 
accordingly project it with prodigious Violence : And in this Cafe none 
of the Flath will appear out of the Muzzle, tll the Projectile isedepart- 
ed from the Piece ; nor will it wrap itfelf round the Sides of the pro- 
jected Body, (as it does with refpect to Spheres or Spherical Balls,) and 
foon after quitting it, retire to its Natural State of Reft; but will ad- 
here to the Bottom of it, drive it forwards, and purfue it a confiderable 
Way through the Air, in proportion to the Pofition or Elevation of the 
Piece, with regard to the Horizon. 

Perfons who are ufed to judge of Things by the Lump, may conclude 
the Arguments I have here produced to be juft and well-grounded, and 
may conceive an Opinion that Flat-bottomed Projectiles have a great 
Advantage over the perfectly Spherical Bodies, or fuch as in any degree 
incline to that Form. 

Therefore having thus demonftrated, as clearly and fuccinaly as I 
could,.a Matter which feems to have fome Truth on its Side, and which 
might be deemed a Fact by fuch as are dim-fighted in thefe Affairs: I 
fhall do my utmoft to evince that they are poor, lame, unpolifhed As- 
guments, which ftand in great need of being filed and burnithed. 

In order to which we muft examine into two Things (vz.) Fir the 
Nature of the Moving or Expulfive Power, the Properties, Qualities, 
and Manner of Aétion of the Flafh of Gun-powder, and what Form it 
affumes when it projects any Bodies. Secondly, why (contrary to the 
above Arguments) a Spherical Body is more adapted to receive the Im- 
pulle of the Fleth of Guxz-powder, or any other Movifg Caufe, than a 
Flat-bottamed one; and how it comes to pafs that the nearer a Body 
approaches to a Spherical Form, it isthe more fufceptible of Motion. 

For the Firf of thefe : The Generation or Production of the Moving 
Power of Gun-Powder can be attributed to no other Caufe, than to the 
Fire which infinuates itfelf into it, and changes the whole Subftance of 

it 
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it (it being naturally very fubjeét to Tranfmutation) into another inf- 
nitely more fubtile, and particularly into fuch as is moft like itfelf, or 
which tends the moft to its Confervation and Increafe; for it is laid down 
as an infallible Maxim, that each Element endeavours as much as poflible 
to reduce every thing to its own particular Subftance, from a natural 
Inclination and Defire of Infinity and Eternity. This is amply verified 
in Fire, which has a boundlefs Ambition of furmounting and poffetfing 
itfelf of every Thing: And being (according to Scaliger) as it were the 
Prince of Elements, it greatly extends its Empire by a perpetual Domi- 
nation, uniting fome things, and feparating others, and exerting its 
Power over whatever is within the Sphere of its Action, and accumu- 
lating whatever can be converted into its own Subftance. Thus when 
it feizes upon Wood, it knows how to diftribute the Humidity and 
Afhes to the Earth, the Exhalations to the 4/r, and never forgets to lay 
hold on what belongs to itfelf, which it takes Care to keep Poffeffion of. 
The fame may be faid with regard to Gun-powder, whofe Nature being 
perfectly Igneous, the Fire feizes upon the whole Body of it, excepting 
fome little Smoke and Soot, generated by the Coa/, and certain grofs 
earthy Particles impregnated with the Su/pbur and Saltpeter, which 
ufually ftick to the Infide of the Piece. | 

Therefore we will call this Virtue, and Moving Force of Gun-pow- 
der, a certain Natural Property of Fire, compounded of - another 


‘which is extremely Subtile of itfelf, (which obliges Phzlofophers to fay 


that it neither burns nor fhines) and which is Spirable, Violent, Impe- 
tuous, Active: Thus this compounded Force difperfes, thickens, heats, 
rarifies and burns; is impatient of Oppofition, incapable of Condenfa- 
tion, or Contraction. But I fhould never have done were I to give a par- 
ticular Detail of all its Attributes ! 

Since now you have a pretty good Idea of this Moving Cau/e, ‘which 
never had any thing comparable to it; it is neceflary I fhould fhew you 
its true and natural manner of acting ; before I fptak of its Form. 

‘Buc I fhould think myfelf guilty of a very great Slight to the 
learned Scahger, if I did not here recur to his Arguments; (though 
IT fhould not be at a Lofs to illuftrate it myfelf) for I dare fay, that no 
Man fince Ariftotle, has been fo diligent an Obferver of Things, 


or cultivated Natural Philofophy fo effectually as that great and 


learned Perfon. He fpeaks thus, in his Exercitat. XI. Not only At- 
traction but Impulfion zs caufed by Rarifaction, as may be feen in Brafs 
Tubes filled with Saltpetrous Matter; for the Fire in its RarifaGtion en- 
deavouring to poffe/s it/elf of the Places neareft to it, muft neceffarily repel 
and drive forwards ; which cannot be properly attributed to Denfity: And 
becaufe (he {peaks to Cardan) this Doctrine of yours has gained ground 


t By this he means the Flatwlent Expanfion or the Windy Exhalation produced by the Salt- 


pecer. 
among ft 
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among ft the general:ty of People, I fhall here particularly dwell upon it, 


You would bave us underftand it thus: (viz.) the Powder being converted 
into a Flafb of Fire, cannot be contained in the narrow Space in which it 
was contained whilft it was Powder ; therefore sts Parts endeavour to con- 
denfe; but becaufe that 1s impofible, they break out with great violence. 
But you do not here perceive that the Rarifaction is Two-fold. The one being 
immediately joined to the Expulfion; for it could not fly out unlefs it was 


dilated: And the other which 1s the Caufe of its Condenfation, for it . 


would not be condenfed near the Bullet, except from its Firft Accenfion it 
was fuccefively rarified. Thus is your Argument fa Yely grounded, and no 
ways Metaphyfcal, and all from your Ignorance in what concerns the 
Moving Caufe: Indeed this Denfation is not only fecondary but acciden- 
tal alfo; it being a Privation of the natural Property of Fire, which is 
Rarifaction. By what Rule of Nature then can the Privation of the 
Natural Property of Fire, perform the Effect of it; which is Impulfion? 
Which Impulfion is owing to the Endeavour of the Form (or Body) to fill 
up its Place. Moreover, Rarifaction 1s a Motion, by which the Things 
rarified extend their Bounds : On the other hand, Condenfation is a Motion 
by which their Bounds are contracted. Umpulfion is @ Promotion of the 
Extream. Therefore you are miftaken, to attribute this Motion to 
Condenfation. 

Here I would willingly check the Courfe of my Pen, were it not 
for the Noblenefs of the Subjeé&t, which leads us on to a true Know- 
ledge of the admirable Effects, and unfpeakable Strength of Balifa, 
+ Scorpiones, Catapulte, Bows, and fuch like Warlike Machines (which 
we fhall hereafter explain, and defcribe by the moft Curious Figures ;) 
in fhort, I find fuch Charms and fecret Virtues in the Words of this 
Great. Man, that I muft let him purfue his Subject, whilft we follow 
him as clofe as our Apprehenfions will permit. You are as much mifta- 
hen when you attribute the Motion of Impulfion in Balifte to Rarifaction. 


For it is performed by Condenfation ; becaufe whenever the Bow of a . 


Balifta unbends 1t Condenfes. It 1s thereby made fhorter, and confequent- 
ly muft be contracted. For which reafon.it breaks fometimes in the bend- 
ing; becaufe it 1s rarified. Now if you affert, that this Rarifaction is 
the Caufe why the Bow unbends and condenfes; you will'raife two Objects 
ons againft your Self. And Firft: Ifball deny that it can be any way attri- 
buted toit. It is neither Form nor Matter, but an Accident, and a Priva- 
tion of Denfity, which is owing to the Bow. Itis not the Effect : The Effet 
1s Impulfion. Is it the Efficient Caufe? I deny it. No Being can ef- 
fect what ts its contrary, or diametrically oppofte to its Nature: No 
Privation can perform the Office of its Subjeét. Rarifaction is @ Priva- 


tion of Denfity. The other Objection is: If you will bave this Rarifacti- 


} Scorpiones were a Sort o Crofs -bows with which the Ancients ufed to fhoot Poifoned At. 
rows &c. 
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on to Bethe Casife of the Impulfion, becaufe it'is Antecedent:to the Conden- 
fation ; you fhould allow the fame thing’ for Pire-Arms; which the Rasi- 
fattion: is ahways Antecedent to the Coridenfation.. If a Bow. be broken 
itis becaufe it is too much rarified.~ Therefore: we find that: Tough. 
Things cannot be broken, becaufe of: their Parts, whith well. admit of the: 
itmoft Extenfion: or Ratifation. Earthen Things break; and: well. net’ 
bend. Metals may: be ravified, and’ are therefore flexible. Why 
do the fanie Bows break if you: deprive them of the Spring-pin;. the Mut: | 
or the Arrow? It is, becaufe whilf they have any thing that retards their | 
Contra@tion, they are contratted with lefs Violence; but when they are: | 


¢ 


rc ee 


devefted of all Incumbrances, it ts with a fudden Motion that they un- 
bend, and are therefore Broken. - This: alfo‘bappens to’ Wooden: Hoops, 
which if they be bent cafly and gradually, they will follow: the Circu-. 
lar Direttion you would give them, but if they are fuddenly: bent they. 
break. If it be allowed, that the Concavity of the Bow when bent: is. 
condenfed, and on the contrary rarified in unbending ; this will agree with 
us. Perhaps the Ratio of this Motion is in proportion to the exterior Cir- 
cuit of the Bow. But fome of the more Subtile may deny this Motion to. | 
be caufed by Impulfion ; but to the preceding Caufe of Attraction. For | 
the String impells the Arrow, becaufe it draws; and it draws becaufe it | 
is drawn. The Traction or drawing of the String 1s the Firft and Im- 
inediiate Céufe; the Trattion of the Bow #s the Second and Loft. The | 
Cafe of the Ttaction is thé return of the Bow to its Site or Reéti- 
tude, which cannot be done without Condenfation. It #s @ Return of the 
whole, but a Condenfation of Parts only. Fruly this Motion is diffe 
rent only in Caufe, and not in Effect. The Impulfion ts @ mere Effeds, 
and the Condenfation a mere Caufe, The Fraction ss the Caufe of the 
- [mpulfion, and the Effect of the Condenfation. The String of the Bow | 
is broken when it unbends without an Arrow, not for the fame Reafon that | 
the Bow breaks (viz.) by Rarifattion, dut by the Strength of the Bow which 
pulls it violently at éach End, in endeavouring to return toits free State: 
But if the String breaks in bending the Bow, st ts broken by Rarifaction. | 
Thus far Scaliger. I fhall now refume the Thread of my Effay, in 
order to which we will firft confider the Form and Figure of this Mo- 
ving Caufe which is generated by Gunpowder. 
It cannot be doubted (if you conceive what has been faid above) 
that this Power is‘no other than Fire, or a certain inflamed Air or Va- 
pour; fincé it is evident that Powder is almoft all Fire in Power (as 
Metapby/ficians have it) before it is converted into a Fla/b, and by the Ap- 
plication of Fire to it, it actually turns into a Flame. From this it can- 
not be denied that it affumes the Form of Fire. 
"Now we have an infallible Argument to prove, that Gunpowder does 
affume the Form of Fire, from the nature of Salpeter; which though 
It be derived from a Saline Humour, yet that Humour is not Aqueous 
but Aerial, and confequently hot like Air, and bordering upon F7re: 
. and 
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and being violently and for fome. time. beaten in.a Mortar, it,is greatly ta- 
rified and-fubtilized, by being devefted: of: all: grafs and crude Particles 
which. might be- impregnated. with.it, and therefore ftill approaches 
nearer. to Fire. Now ta tell-you that it.is.no way. incommaded by being 


incorporated with Coal and Sulphur, would be. a, moft, needlefs Repeti- 


tion oft what Ihave already demonftrared, 


Again; Hire; whether it-be Natural, fuch.as it is in, its proper Sphere; 


a Body, it muft: necéflary: be- finite, and circumfcribed. within, certain 
Bounds. Thus Phs/afphers.and Geometricians.tell.ys, That a Superfi- 
cies terminates a Body, a Line a Superficies, and.a Point,a Line: and 
thae Form or Figure.is made up of the different Difpofitions of them, 
Therefore fome of the Learned have dtteempted to reprefent the Ele- 


@tee ‘ee 


“But in the main you mutftlaok upon thefe Figures as Emblematical on- 
ly : For who can believe that Fire artificially condenfed in the Hollow of a 
€annonor Mortar can afflume the Form of a Pyramid? Or who can con- 
ceive that the Moving Caufe, which (as I have often faid) is a certain 
Windy Exhalation or Airy Expanfion, can put on the Figure of an 
| OFabedron? This it would be jmpoffible for it todo, except when jt 

enjoyed its perfeét Liberty to mount upwards. And therefore Fire as 
well as Water being confined and compreffed within any Body, puts on 
the Form of the Cavity wherein it is contained. As for Example, if 
‘the Windy Exhalation beforementioned, or rather the Flath of Gya- 
powder, was by any Artifice condenfed within a Concave Sphere (fuch as 
our Grenado’s) it would certainly affume a Spherical Figure; and {0 
-likewife when it is confined in the Chafe of a Piece of Ordnance, it 

muft take upon it the Form of a Cylinder. Se * 
| As 
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As for the Figure of the Vertex of the Moving Power, or that End of 
it which ftrikes the Projectile, it is a difficult matter to afcertain any 
thing about it; nor can it be demonftrated any other way than by Con- 


.jecture, or by Comparifons inftead of Arguments. It is very probable, 


that ic endeavours as much as it can to enjoy its Natural Form; which 
it may do in Confideration that the Projec#ile refifts it lefs than the Sides 
and Bottom of the Piece, and is not very capable of Hindring it from 
affuming what Figure it will: From whence it is likely ic may break 


- out into a Cone or a Pyramid, which are Figures feemingly natural to 


it; add to which, that the main Strength would center in the Vertex of 
fuch Forms, which being repelled by the Ba//, would return back 
again with redoubled Vigour againft it (by means of its Rarifaction) af- 
ter the manner of fome Purges. On the other hand, it is not impoffible 
but it may take upon it the Shape of an Hemifphere; which does not 
appear very unnatural to the Form of Fire and Air when in their proper 
Spheres, and is the f{trongeft of all Figures and Bodies: From whence 
it is that Porters are naturally led to ftoop to take up any Burthen, by 
which means all the Joints of the Body are collected as it were into a 
fubftantial Arch. The Fiction of Atlas, whom the Poets feigned to 
have fupported the Earth upon his Shoulders, gives us a familiar Idea as 
to this Doubt. | 

But to give you the moft certain and rational Explication of this 
Matter, and that which is the moft univerfally received amongft Natu- 
ralifis; we mutt firft make a Diftinction between the Situations and Po- 
fitions of the Projectiles in our Mortars, from whence it will be con- 
fpicuous. You are to underftand it thus. 

All the Mortars with which we project Pyrobolical Bodies (as we have 
often faid) have certain Chambers, which are to contain the Requifite 


- of Powder neceffary to perform the Effect required. Suppofe now that 


every Corn of Powder 1s at one Inftant inflamed ; and that the Projeétile 
cannot be driven out by it, till it is become an Expulfive or Moving 
Power. Secondly, that your Projeé#le is perfectly Spherical, and that 
ic immediately refts upon the Powder, without the Interpofition of any 
Body between them. It is certain, that in this Cafe the Moving Power 
or Flafh will not ftrike upon the whole inferior Hemifphere of the 
Bail, but on that Part of it only which ftops up the Orifice of the Cham- 
ber, whofe Dimitrent Line is exactly , or at leaft an Aliquot Part of 
the whole Diameter of the Superincumbent Ball. Now the Bal/ re- 
ceives all the Impulfe neceffary for its Projection, before the Flath can 
make its Excurfion out of the Chamber, and whilft the whole Energy 
of the Flafh is confined in that narrow compafs ; which being once ef- 
caped from thence, it expands itfelf; and is confequently greatly weak- 

ned. 
By this it appears that the firft Shock is all that is needful, or requi- 
fite for the Projection of the Superincumbent Body. And if the Moving 
Force 
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Force or Flath is really colle€ted into an Hemifpherical or Pyramidical 
Form, it cannot be doubted (confidering its Denfity whilft in the 
Chamber ) that it would impel a round Body moft powerfully, and 
hurry it out of the Mortar, &c. Nor muft you imagine, that it acts 
with lefs Power than if the Projectile had been Flat-bottomed, for the 
Reafons above given; to which we may add, That the Flafh being 


ftrongeft, in its Excurfion from the Chamber, it impreffes its utmoft 


Force, and conlequently gives a fufficient Motion to both a Spherical 


and Flat-bottomed Projeétile, by means of that Line only which paffes 


through the Center of Gravity, round which all the Parts of the Pro- 
jected Body are at reft. Moreover, as a Sphere reprefents a kind of Uni- 
ty, which may be properly enough faid to be but a Point; therefore if 
it be folid and made of any hard Subftance, fo that by the Solidity of its 
Matter and its Form, its Parts cannot be eafily disjoined, ic would be 


fufficient if it were ftruck in a Point only; for from that Point the 
Blow would be inftantly communicated to all the reft. And I am real- 
ly of Opinion, that this Impreffion would not have a more powerful 
Effect, if it had ftruck the whole Flat Bottom of any Projectile: Buc. 
on the contrary I believe it would be much weaker ; for in that Cafe ‘et 


I have already faid) che Powder being extended, its Flafh would not 
collected into a Body of fufficient or at leaft fo great Denfity, and con- 
fequently its Aétion would be fainter. Thus the Flat Superficies of the 
Flath (if it be a Plane) is no more adapted to imprefs a Force upon a 
Flat-bottomed Projec#i/e, than upon any other. 


_ Moreover, if any Body be placed beneath a Spherical Projeétile, or. 
one inclining to that Form ; or beneath one that is Flat-bottomed, which 
is equal in Weight and alike in Subftance with ‘the Spherical one: As. 


for Example, let us here fuppofe a Tompion to be driven upon the 
_ Powder in the Chambet in fuch a manner, that the Flath cannot imme- 


diately ftrike either the one or the other of the aforementioned Proje. 


étiles, and that it muft give its Blow by means of the T ompion ; I fay, 
it is moft certain that whatever Figure the Flath affumes upon its Ac- 
cenfion, it will impel and drive out the Tompion with all its Might, 
and that either of the Projecitles muft equally fhare in the Impulfe of 
the Tompion, though their Motion would be unequal, from the Ine- 
quality of their Figure, as fhall be obferved hereafter. What does it 


fignify if the Tompion ftrikes a Flat Bottom in feveral Points, or but 


in one, as it does a Sphere? Since, as we have already faid, any Point 
of a Sphere is as it were the whole Body of it, and vice verfa, the 
whole Body of it as it were a Point: For nothing is feperated from it, 
all ics Parts are dependant upon each other, and the Excellence of its 
Figure admits of no Inequality or Defect in its Surface. As to the Rea- 
fon, why the Flafh, being efcaped from the Chamber becomes weak. 
and unable to imprefs any violent Force upon a Projectile of any fort, 


Yyy more 


I have fufficiently accounted for it already : But neverthelefs I will once 
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more obferve to you; that the more the Flafh is confined and refifted, 
the more furious does it become, and feems to be fucceflively indued 
with new Degrees of Power, till it has forced its Way to Liberty. And 
ic is for this Reafon, that befides the Wooden Tompions which are 
driven into the Chambers of Mortars, they add certain round Boards, 
equal in Diameter to the Calibre of the Mortar, as we have faid elfe- 
where. ‘Therefore we may fay that thefe round Boards fupply the want 
of Flat Bottoms, fince they prevent the Excurfion of the leaft Atom of 
the Moving Power or Flath till the Projeé#ile is departed. But they 
are of no farther Ufe after that Moment ; for it is impoffible for them 
to purfue the projected Body with an equal Pace, whether they remain 
whole, or whether they be broken by the Violence of the Shock. | 

Upon the whole, it is an eafy matter to prove that the Impulfe of 
the Flath upon any Body is Inftantaneous or Momentary, from the Ex- 
ample of fuch Things as are thrown by Hand, or fhot from a Bow or 
a Baliffa; which are never accompanied in their Projection by the 
Moving Caufe, for it is fufficient that the degree of Force (let it be 
what it will) is once impreffed. ‘There are many of the Learned who 
maintain, that a Body being once put in Motion, would move on for 
ever, if its Motion was not deftroyed by fome-Caufe; and they hold 
that this Affertion would obtain in a Vacuum, or a Space deftitute of all 
fort of Refiftance, that might obftruct and annihilate the Motion given ; 


. which Mer/ennus thus accounts for: -+ Whatever is produced cannot be 


deftroyed, except tt be attacked or affected by fome deftruétive Caufe; for 
as no Being bas the Power of generating or creating itfelf, fo no Being 
can be fuppofed to procure its own Deftruction. There are many great Men 
who think this to be true, fince infallible Arguments to prove it may be de- 
duced from what Idea’s we have of it: For bow can any Body be deprived 
of the Motion communicated to it, if tt meets with no Obftruction or C aufe 
which is deftructive to it: For tt may be fuppofed that God would no more 
deny bis Afiftance to Motion, which is a Thing of real Exiftence, than to 
other Beings; bow then can it be annihilated or fuppreffed if it meets with 
no Impediments ? | : 

Here I fhould be very willing explain how a Body moves or flies 
through a Refifting Medium ({uch as the Air) if I thought this a proper 
Place for fuch an Effay; But as I think it is not; I fhall only remark, 
that Thofe are moft ftrangely out of the Way, who perplex themfelves 
in fuch inextricable Miftakes, as to imagine, that the Moving Power 
of Gunpowder, purfues the Body for fome time during its Projection, and 
that adhering to it, it drives it on with frefh degrees of Velocity; or at 
leaft affifts ic for fome time, and prevents it from falling to the Ground 
fo foon as it otherwife would: For what Man living is fo ignorant, as 
not to be in fome fort acquainted with the Nature of Fire? or rather 


t Merfen, in Phxno. Ballit, Prop. XXXVIII, 
who 
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who is he, that has found an Art, or that is able to bind chat Element, 
which is fo Subtile, Volatile and Light, that Element which is fo 
difficult to be handled, to a Ba// violently hurried through the Air? Who 
obliges it to adhere to the Projec#ile without daring to forfake it? What 
' magnetical Virtue can an Iron Bullet have, that fhould draw the Flafh 
after it? But if I fhould grant all this, what would it fignify? How 
could the Flafh imprefs new degrees of Force upon the Ball, or by 
what Means could it fuperadd to the Motion at firft communicated? Or 
how could it prevent the Motion from immediately forfaking the pro- 
jeGted Body ? For being once at full Liberty it becomes fo fubtile and 
rare, that it has none of that Strength it had at the Inftant of its Rari- 
fattion, which Strength confifted purely in its Denfity, and the com- 
pacted Union of its Parts. "Thofe who are obftinately bigotted to this 
Opinion are no lefs miftaken, when they fay that a Gum carries the fur- 
ther the longer it is; becaufe the longér the Flath is confined in the 
Chafe of the Piece, fo much the longer does itattend the Bullet,and pur- 
fue it the clofer, But we muft in charity believe that the poor Men, 
who reafon upon {uch a wretched foundation, are perfect Strangers.to 
fome Rules in our rt, which teach; That if a Piece of Cannon ig 
made longer than ordinary, it is not becaufe the Flath fhould thereby be 
enabled to project the Bullet with the greater Violence; but the Length 
is fo proportioned, that the Requifite of Powder may be totally infla- 
med in the Chafe of the Piece, and that at the Inftant the Projecfile 
is departing from the Muzzle of the Gun, the whole Power of the 
Flafh may be united, and accordingly projet it with its utmoft 
Might. 

And here I muft inform you that the longer a Cannon is, fo much 
greater ought its Requifite of Powder to be; and on the contrary, the 
fhorter it is, the lefs Powder does it require. For even as too greata 
quantity of Powder, rather hinders than affifts the Projection of the 
Bullet; becaufe it cannot be totally inflamed at the Inftant the Ball de- 
parts, and is therefore {pilt upon the Ground (though fome Pyroboli/fts 
have another way of accounting for this, which I fhall touch upon 
hereafter ;) fo.on the contrary, too finall a Charge is totally accended 
before the Bullet has moved through the Chafe of the Piece. I fay 
then again, that the Flath which accompanies a Bullet through the 
Chafe of a long Gun can by no means add to its Velocity, for the 
longer it remains ip the Hollow or Chafe of it after its Accenfion, and 
the more Room it has to expand itfelf, the more will it be rarified, and. 


confequently it muft be proportionably weaker: So that if there was" 


a Cannon of 100 Foot in Length or more, whofe Calibre would only. 
receive a Bullet of 1 1b, which if it was allowed but the ufual Requi- 
fite for fuch a Ball, which is 1 Ib of Powder; I firmly believe that the 
Flath of fuch a Quantity, in accompanying the Bullet through fo long 
a Chale, would be fo very much weakened, that ic would fearce be- 
able 
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to drive it of the Piece,- much: lefs to project it to any great Diftance, 
But we fhall have a more proper Opportunity to fpeak of the due 
Lengths of Cannon, together with the Weights and Sizes of their Bullets, 


_ and their Requifites of Gun-powder, in Book I. of the Second Part of our 


Artillery, where we fhall treat of Cannon. © 

Let what I have here faid fuffice at once to deliv and: -perfuade 
you, that Pyrotechnic Projectiles with Flat Bottoms are not near fo 
well adapted to conceive a Motion adequate to the Impulfe given, as 
thofe which are Spherical or inclining to that Form. Now that what I 
have faid is in every refpect true, I fhall appeal to the Demonftration of. 
Merfennus in + Mechan. Lib. Il. Par. Ill. Prop. 6, 7 and 8, where you 
may confult him. 

From whence it will be evidently demonftrated, that any Projectile 
inclining to a Spherical Form, makes its Way through the Air with 
more Eafe, and penetrates through. a Medium with lefs Difficulty, than a 
Cylinder with flat Bafes or Ends. But.ta this it may be objected, that 
a Cylinder may not always have one of its Ends foremoft, nor purfue 
its Courfe like an Arrow, for it may happen that its Convexity may 


. Cleave and rowl in the Air; and thar it may alternately cut it with its 


Convex Surface, and alternately with its flat Ends. But to this I reply 
in the firft Place; that it is not impoffible but that the End of it which 
is turned Outward in the Piece may be driven on foremoft. 2. That, 
though the Cylinder fhould cleave the Air with its Convex Surface, yet 
that it would clear its Way with more Points than a Sphere; though 
they were both to be of equal Weight, and though the Height and 
Breadth of the Cylinder were to be equal to the Diameter of the Sphere, 
In this Cafe the Form of the Cylinder would be but little adapted to re- 
tain the Motion communicatéd to it. 3. That if the Cylinder fhould 
whirl round in fuch a manner, that its Convexity and Ends do al- 
ternaly prefs forwards through the Air; it is very eafy to perceive, 
that there is but little difference between this Motion, and that by 
which it might move on directly with one of its Ends foremoft, for its 
Ends muft always meet with an equal Refiftance as well at one Time 
asat another. But be this as it will, and whether the Cylinder rowls 
and whirls about (which is an Action common to all Round Bodies) 
or not; it is certain that its Motion is in no refpect like that of a Sphere, 
and far from being equal co it. 

Here by my own good Will could I filently pafs over feveral ad- 
micable Properties which are natural to a Spherical Figure; but I can- 
not forbear inferting what Scaliger, that Divine Spirit, has obferved con- 
cerning the Sphere, in his Exercit. XXX. 1. With whatever Motion a 
Globe is turned, we always conceive it to generate a Form like st/elf. 


oct The Original has here a ig Rare ein Merfennus, which being in the main a mere 
antic Repetition of what has ady been faid, 1 thought it would’ rather perplex the Rea- 


der than help him, 
2. Being 
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2. Being whirled round upon a Point, it always fills or takes up i.e ae whe 
Space, ah ich alfo 7s common to a + Cone from its circular Figure: ae ii 
ifa Globe changes its place, it defer: ‘bes in the Air a Figure ye ifferent ai om 
itfelf, (viz.) a Columa 3 and at the fame time forms a Line which is not in 
atfelf, but in Power. Being rowled or fet upon a Plane it touches it only 
in one Point, in which wonderful Property it differs from all other Bodies : 
How then can a Solid Body reft upon that which bas no Exiffence? 3. By 
one only Turn, tt bas two a Motions (namely) upwards and down- 
wards with refpect to its Circumference; (I do not bere fpeak of the Hea- 
vens, but of any Ball or li'beel;) they are farther contrary, becaufe the 
Downward Rotation is natural, and the Upward unnatural. 4. Not- 
withfianding that it is one continued Body, yet fome of its Parts move with 
a greater Velocity than others: But you muft bere underftand Velocity 
as Twofold; (namely) when Bodies, or Parts of Bodies, go through as much 
Space in lefs Time, or more in the fame: Therefore the nearer its Parts 
are to the Outward Surface, the fwifter ps move 5 and the nearer oo 
are to the Axis, the flower. 

In fhort, the Circle and Sphere fhall clofe up this Corollary, duet 
they themfelves are endlefs; and they will not only conclude this Coro/- 
fary, but this prefent Year alfo (viz.) 1649; the laft. Hours of, which 
our Prefs employs in printing thefe Lines. By God’s Leave we fhall to- 
morrow not only enter upon a new Corollary, but a new Year alfo, a 
Yeat of Benediction, the great Year of udbilee, fo long withed for by 
the Chriftian World! The A/mighty, who has neither Beginning nor 
End, has this Day compleated the Circle of a wonderful Work, in 
which every living Soul muft hold its Courfe without exceeding the cir- 
cumfcribed Bounds of it. To-morrow we thall begin a New Year, 


which I wifh may be pregnant of Happinefs, Peace and Joy throughout 


the whole Face of the Earth: Humbly befeeching the ineffable Good- 
nefs, that fixing one Foot of the Compaffes of his Love in our Hearts 
and in our Souls, he would with the other defcribe a new Circle, which 
may excite new Degrees of Velocity in us, and haften us on in an im- 
mediate Tendency, towards the endlefs Blifs of a bleffed Eternity ; to the 
End, that being far removed from the firft Point of that Impulfe, which 
naturally urges us. to purfue and covet the Viciffitudes of Worldly For- 
tune, we may no longer be expofed to Danger amidft the Rocks and 


Shelves of our Folly: But that on the contrary, continually revolving in © 


an endlefs circular Direction upon the fmooth Planes of Fortitude and 
Conftancy, we may at length refume the Place from whence we ace out 
(namely) Heaven, there to enjoy Eternal Life. 


The Latin has ic Pyramis, and the French Tranflator has reridered it Pyramide; bit Sca- 
liger to be fure means a Cone, which is by Mathematicians often defined to be a Pyramid of 
Infinise Sides, | 
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COROLLARY IL 


OF Jeveral Sorts of Pyrotechnic Petards or Crackers prepared 
for vartous Military Ufes. 


P YROTECHNICIANS have feveral other Sorts of Crackers, be- | 
fides what we defcribed in treating of Fire-Ba//s. But as in under- 
taking this Work, { only propofed to dwell upon the chief Pyrotechni- 
cal Inventions, and fach as are the moft frequently ufed; therefore re- 
jecting thofé which are the moft inconfiderable, and leaft ufeful, I thall 
: refer our Pyrotechnician to thofe Figures which he fees under Number 
Fig. 151.151, diftinguifhed by the Letters A, B, C, D, E, F, G, H, I, K, L. 
The firft of them (viz.) A, is in no refpect different from that we gave 
you under Fig. 137: This will not only ferve for Fire-Balls, but alfo 
for Garlands, Crowns, Bags, Fire-Hoops, Lances and Darts; as may al- 
fo the two following diftinguifhed by B and C, notwithftanding that 
they differ a little from the Firft. The Proportions of Crackers thall 
be determined by the Size of the Body whofe Ufe you intend them for : 
But if you would have one fix’d determinate Proportion, you may allow 
their Oriftces the Diameter of a Leaden Bullet of one Ounce, or two at 
the moft; and their Length or Height fhall be 5 Diameters, without 
reckoning the Point. This is the moft juft and proper Proportion that 
can be afcertained for them. As for the Loading of them, pleafe to 
took back on what we have already faid, to fave us the Trouble of a tire- 
fome Repetition. 

The other Crackers which you fee, are much larger than the above- 
mentioned, and ferve commonly for Wooden Balls, &c. the Conftru- 
tion of which we fhall give you im the following Chapters: The Firft 
of theft (vz.) 'D, is perfectly like the Recreative Cracker which we 
gave you in Figure 107 under the Letter A. The Conftruction of this 
is very eafy, and the Figure of it is very intelligible. It is ufually 
charged with Corn Powder to } of its Height, and the Remainder of 
it is loaded with Leaden Bullets, then ftopped up with a Wadd of Pa- 
per or Tow. : 

That which you fee in Letter E is a Triple one, that is, it contains 
two others lefs than itfelf; though fimply of itfelf it is perfectly like 
that which we juft now defcribed, (viz.) D. This is pierced with five 
Amali Holes, for fear it fhould mifs Fire ; four of which are in the Sides, 
and Diametrically oppofite to each other, and the Fifth in the Middle 
of the Bottom of it. As for thofe diftinguifhed by F and G, they are 
almoft like thofe which we formerly reprefented under Fig. 106. Thefe 

| : three 
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three then fhall be ordered, that the Second may go into the Firft, and 
the Third into the Second. The greateft ef them (viz.) E, is generally 
filled with Corn Powder to helf its Heights upon which you thall flip 
down the Middling one, into which you muft put the Leaft, filled with 
Corn Powder, and fome Leaden Bullets, after having filled the Second 
with Corr Powder in the fame manner you did the Firtt; I mean thar 
Vacancy of it which extéeds the Height of the Leaft. Moreover, the 
Middling one as well as the Leaft have Chambets filled with one of the 
Slow Compofitions I have already given. | 

The Thitd Cracker which you have in H, reprefents a littke Copper 
or Iron Tube without Bottoms. When you would load this, you muft 
divide the whole Height of it ihto 3 equal Purts, whtreof that in the 
Middle fhall be filled up with Gorn Potoder, and the other two with 
Leaden Bails. You are to feparate them from the Powder with Paper 
Wadds ; they fhall likewife be wadded at each End. You {hall make 


two Touch-holes, or more if you will, juft in the Middle of this. 


| Gracker, 


The Fourth of them, (viz.) I, needs no Explanation; for it is to be or= 
dered exactly like thofé whofe Profils you have in F and G; though it 
muft be confefled that it differs from them fo far as to be.ufed fingly, 
admitting no dthers intd its Capacity, and muft not on the other hand 
be lodged in any other when it is to be put in Execution. _ 
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In fhort, the Crackefs K and L, one of which isin the Shape of a - 


Crofs, and the other of a Carpenter’s Square, are to be loaded like the 
teft, with ‘one or moré Leaden Balls according to their Capacities. 1 
fhall leave the reft of théir Conftruétion to the diligent and ingenious 
Worktnan. — | 


COROLLARY Ill. 
Of she feveral Sorts of Lacings, Mattitigs, avd Ligatures of 
Fire-Balls, wd the Tetnis futable to each of them. 


| Find nothing more difficult in the tighe treating of Aris and Sciences, 
' thitth to éexprefS myfelf in proper Terms, and to call thofe Things by 
proper Appellations which wé know nothing of but By continual hand- 
ling of ther ; for fcarce can our Eyes (which are Witnefles and Exami- 
mete of Thitgs) give a faithful Account of them to our Judgment. 
In truth, Manual Praéice is of fuch great Importance, and bears fo 
darge a Share in all 4rti, that if you cannot execute with your Hand 
what you have conctived in yout Mitid, you niuft look upen yourfelf as 
having a Soul without a Body. But as Defign and Drawing contribute 
greatly 


ary 
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greatly towards furnifhing us with proper Conceptions of Things, I 
have reprefented to you the feveral Sorts of Lacings or Mattings of 
Balls, in che moft familiar manner r the Nature of the Work would ad- 
mit of. 

Pyrotechnicians have given Names. to the feveral Sorts of thefe, ac- 
cording to the Fafhion they are wrought in: The firft and moft fimple 
of which you have in Fig. 136 and 138, which the Germans call Reib- 
bont. The Second with its various Interweavings, which you have in 
Fig. 137, they call Pallen-bundt.. That in Fig. 142 differs in nothing 
from this. In fhort, the ftrongeft and moft artificial of them, which 
you have in Fig. 140 and 144, the Firft being wrought in Fafhion of a 
Rofe, and the other of a Snail, they call Rofen, and Schnecken-bunt. But 
I refer you to skilful Pyrodboli/ts for an ample Information of what far- 


ther relates to this matter; as for me, I am in hafte to do other Bu- 
finefs. a ) 


CHAP. VI. 


Of a Wooden Ball jilled with Hand-Grenado’s, or a 
_ $ Thundering Ball. 


US'T as in Pyrotechnics, Hand-Grenado’s are -varioutly applied, fo 

their Ufes in Warlike Occurrences are very different. You need on- 

ly have a skilful Artift to put them in Execution at proper Times and 

Places. Now of all the Contrivances for fhooting feveral Grenado’s at 
one Projection, I approve of the following the moft. 


Fig. 152. You thall have an hollow Wooden Ball, whofe whole Height fhall be 


to its Breadth (which muft be regulated by the Calsbre of the Mortar) 
in a Supertripartient. Proportion; that is, as 7 is to 4, though a Se/gui- 


_alteral Proportion might do pretty well. The Bottom of it thall be half 


a Diameter in Thicknefs, to be the better able to withftand the Shock 
of the Fila/b, and fhall be rounded without and flat within. The 
Head or Cover of it muft be a Concave Hemifphere, _ fhall be fitted 
to the Body of the Bal/ by a very nice Joint. 

The Vent of it fhall have a Fuze made either of Wood, Iron or Cop- 
per, whofe Height fhall be half of the whole Cavity of the Ball, and 
its whole Breadth fhall be of the fame Dimenfions with the Sides of the 
Ball, which muft be + of the whole Diameter of it. This Fuze mutt 
be filled with one of the ordinary Compofitions for Fuzes. | 


¢ I think this may as well be called a Thundering Ball, aaa Barrel full of Grenado’s is called 
a lhinderin: Larrel, 
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The whole Body of it fhall be filled with Hand-Grenado’s, and the In+ 

terftices. between them fhall be filled up with Corn Powder. Above all 

things you muft take Care, that all the little Fuzes of the Grenado’s be 

turned towards the Bottom of the great one in the Middle of them all, 

that they may not fail of taking Fire. : 
The whole being thus ordered, and the Head of the Ball firmly glued 

on, it fhall be dawbed over with Tar, and coated with a Cloth dipped 

in the fame: The Figure will give you a clear Idea. of every thing re- 

lating to this. 


CHAP. VII. 
Of a Globe or Ball compofed by feveral others: 


THIS Ball which I reprefént to you in Fig. 153, is nearly both in Fig. i53: 
Form and Effect like the Fire-Ball 1 gave you in Fig. i41: There- 
fore I fhall refer you to what I faid of that, in regulating the Propor- 
tions of the Leffler Bal/s contained in the Greater: But you muft at the 
fame time obferve the following Particulars. | 

1. You may take Balls of what Sizes you pleafe; but the Thicknefs 
of their Shells thall (according to our Figure) be ¢ of their Diameters, 
but it may be more or lefs if you pleafe. | | 

2. The Balls thall be petfe@ly round, as well on Account of the Ca- 
pacity of that Figure, as for feveral other Reafons already given. — 

3. The Hemifpheres of the three Balls B, C, D, thall exactly fic 
each other; but the Fourth, (viz.) A, fhall be only an Iron Grenado, - 
whofe.Convexity is armed with Leaden Bullets; though by the way, _ 
the other three may be made of Iron if you think proper. Bur let us 
fuppofe them to be of Wood (which will not be very defpicable:) You 
fhall fill them with Corn’ Powder, and fome of thofe Iron or Copper 
Crackers, which we defcribed above in Number 151, under the Letters 
D, E, H, I, K, L; and then glew the Joints of their Hemifpheres 
carefully together: The Figure will teach you how to fix them in one 
another: But I muft warn you to let the Grenade in the leaft of the 
three be fixed and immiovable, and to let the Head of its Fuze be 
placed exactly under the Bottom of the Fuze of the Ball it is contained 
in. Each of your Wooden Bails thall be afterwards re-inforced with 
pliable Iron Plates of two or three Fingers Breadth, and then well 
coated round with a Tarred Cloth + Or they may be laced with a Cord 
like the Fire-Balls. If they are. all made of Iron, you need only folder 
the Joints of the Hemifpheres ; though I am afraid the Soldering would 
break by the violent Shock of the Fall: Therefore in fuch a Cafe it 

Aaac-a would 
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‘would be proper to coat them with a Rofe Matting, which iis the ‘ftreng- 
‘eft of all. 

4. The Fuzes for thefe mutt be tin - Proportion to the Sites of ‘the 
Balls, and.in the fame manner.as we.have direQedielfewhere, ‘anil ‘filled 
with one of the ordinary — we chave alseady given for the 
Fuzes of Grenado’s. 

Tt -were needlefs to-amplify . upon the wonderful Effetts of -this ‘com- 
pounded Bal//: But I will venture to fay, if ittbe thrown in whis\Cond# 
tion into the midit of the Enemy, fo as to take them usprepursd, it 
will kill as many Men, and do as much Execution, as the Fire of an 
hundred Mufqueteers could do upon a whole Battalion. 

‘Obferve ‘there in the jirf Place, that I have reprefented but three 
Balls inclofed in a Greater : But you may have more if you pleafe, pro- 
vided they are in due Proportions'to that which sis to contain them all, 
whofe Size muft be always regulated by the Calibre of the Mortar they 
are to be projacted from. 

Obferve here in the /écond Place, That if you fhould not have Mortars, 
thefe Balls may be conveniently thot-from‘a-Bahfa; af you think proper 
to revive the Ule of that Machime.: But I apprehend that this Proj ect 
will excite the Laughter of {ome poor Hearts, who cannot fe beyond 
the Tip of the Nofe.; however, lst them leugh or vail on, fince it is-an 
unalterable Decree that Fools fhould always rife up:againit 'Trw#b, and 
fince Ignorance fo weakens the Faculties, 4s.to render them incapable 
of ‘bearing the Light of Reajon, who is the Daughter of ‘Truth, beige 
alfo is too bright and powerful for their weak Eyes. For my purr, I 
have a due Regard for the Judgment of thofe great Perfons, who had a 
perfect Knowledge both of the Ancient and Modern Arts of War, 
without undertaking to perfuade: ‘thofe Spirits of Centradiaion, who ap- 
prove of nothing but what is done by themfelves, 

‘Obferve in the third Place, that thefe Balls may be projected ‘by 
one or two Fires, juft like Grenado’s or Fire-Balls ; but they fhall (if 
they ‘be made of Wood) be re-inforced with fuch Iron Bafons as ‘we 


formerly mentioned, to enable them the better to withftand ‘the Shack of 
the Flafh. 


CHAP. VIL 
OF FIRE-RAIN. 


PrR OBOLISTS, amongft.many other Inventions, ‘have-contrived 

a certain artificial Fire, which they throw at a Diftance into ‘be- 
fieged Places, (and particularly when the Buildings are covered with 
Shingle and Laths, or thatched with Straw or Reeds,) which they call 


t Fires 
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Fire-Ratn, and which the Germans‘alfo call Fewer Regen. ‘The Pre- 
\paration or'Confeaion of this ‘is very';common, ‘nd well ‘Known. 

Mele 24 Ib of Sulphur in a fhallow Earthen Pan, over a very clear 
Fire, free from Flame or Smoke und as it melts throw into it 16 ib of 
Saltpeter and mix them well together’ with an Iron Spatula: As‘foon as 
they are melted take them off the Fire, and add to them 8 ‘tb of Corn 
Powiler; ‘mix'them all well together, und ‘being cooled pour dut ‘this 
Gompofition upon Polifhed ‘Marble, ‘or Plates of any Metal ; ‘and then di- 
vide.it-into Pieces of the'bignefs ofa Walnut or Crab ;-and" wrapping ‘therm 
up m ‘Quick Tow, and fatcing them ‘over with Meal Powder, put them 


into‘a Wooden ‘Ball, ‘(fuch as-you fet in Fig.154, which muft be of Fig. 154. 


the ‘fame Dimentitions with the Recreative Aerial Balls, under Fig. 96, 
and g7.) and ‘fll up the Ineerftives between with géod Corn Powder, 
und-cover them clofely and ‘firmly up, and coat the whole with a Tar- 
red -Cloth. 

The Priming'Chamber and fuze thall be filled with one of thofe 
Compofitions which we ordered ‘for the fame purpoft with regard to A- 
trial ‘Recreative Balls, or elfe with ‘one of the common Fuze ‘Compof- - 
vions for Grenado’s. In fhort, as for any thing elfe relating ‘to this Baill, 
¥refer you to the Figures beforementioned. 

mutt only warn yen of one thing, which is, that the Mortar mutt 
be ‘fixed at fuch an Elevation that the Bal/ may ‘break in the Air; upon 
which you will immiedtlitely fee Rain of Fire, detcend, and feat- 
ter dbroad: ‘Thus ‘fulting und ‘fpreading over ‘feveral Buildings, it 
willfet them.on Fire with the fame Eafe and Certainty as if the wholé 
Ball had fallen upon one im particular. 

Befides the above Chmpojition (which the Germans call G cfebmoltzen- 
reug) you ‘may ‘ufe one of the following, which muft be prepared in 
the fame manner we juft now directed. 

I, 


Take of Sulphur 2 tb, of Saltpeter 1 if, of Corn Powder 1 tb, of 
Fitings of Iron or Hammer-flaw ib fs, and of Powder of Glaf tb f. 
li 


Yake of Sulphur 1 Ik; of Sultpeter + th, and of Corn Powder 
x Ib. 
Thefe two Compofitions I have bortowed from Sofeph Furtenbach, 
as well as the following ; which ‘become very Slimy and Vifcous, when 
diffolved by Fire, and that in fo remarkable 4 degree that what with 
- ‘their Slownefs and Tenacity, it is irnpoffible tb tear them off ‘from any 
Place after they have once ftuck to tt: Thofe who ate knowing in 
this Art affure us (with our Author) chac thefe ‘Conpoftions will buri 
through a pretty ftrong Tron Cuirafs; and having ‘myfelf experimented 
them upon a Copper Plate of about the Thicknels of a Line, I can 
venture to recommend them to ‘you, 


“= " [II. Take 
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: Il. : | 
Take of Sulphur 3, of Galbanum Zu, of Saltpeter Siiij, and of 
Corn Powder Ziiij. ; 
IV 


Take of Sulphur 3v, of Saltpeter 3ij, of Colophone 2}, of Corn 
Powder 2ifs. . 

In + La Port’s Natural Magic we find two Compofitions exactly like 
thefe, which he gives us in the following Terms. Warlike Machines 


are. fometimes charged with thefe Compofitions ; from whence they fhoot - 


certain Balls of Fire, which break; (Here he agrees very well with us) 
they are prepared as follows. This Powder is wrapped up in Tow, fleeped 
in the Mixture we have already mentioned; (He juft before gives us a 
wonderful Compoftion. which burns in Water) they load their Machines 
with Balls freeped in this Mixture, and project them at the Enemy. Some- 
times inftead of Oil, and to make them more Fiery, they fubjtitute Swines 
Fat, or Goofe Greafe, with Sulphur Vivum, or Quick Sulphur (which 
the Greeks call aves) Oil of Sulphur and Petrol; Saltpeter highly re~ 


fined; Rofin of Turpentine, of Tar, Oil of Eggs, and _ftmetimes to 


give it a Confiftence they add Rafpings of Lawrel or Bay: Thc/é being fhut up 
ina Glafs Vefel, muff be buried under a Dungtil or a Dung-beat for two 
or three Months, renewing it every Ten Days, and fhaking the Compofiti- 
on. After which if the Compofition be fired, it burns till it is totally 
confumed, and ts rather increafed than repreffed by the throwing of Wa- 
ter upon it; but may be totally fuffocated by Dirt, Earth or Duft &e. 
If it falls upon Armour, the Men look as if they were on fire, and muft 
be either burnt alive, or elfe throw thetr Armour away. 

We fhall give you another whofe Effects are fiill more extraordinary, 
Take of Turpentine, of Tar, of Varnith, of Pitch, of Frankincenfe, 
and of Camphire each one Part; of Sulphur Vivum 1; Part, of Salt- 
peter doubly clarified 2 Parts, of Brandy 3 Parts, with as much O1l of 
Petrol or Naptha; to which you may add a little Duft of Willow Coal. 
Mix thefe well together and make them up in Balls, or fill little Pots 
with them, and they will burn with inextinguifhable Rage. Whoever has 
the Leifure and Conveniency of trying thefe Compofitions will find 
them to anfwer what is faid of them. a 


COROLLARY IL 


The Compofitions 1 have now given you (excepting the two laft, 
which I took from La Porte) muft neceflarily be melted, and well in- 
corporated together, in doing of which it muft be owned that you will. 
run great danger of being burned; and I remember to have ieen Py- 
robolifis who have met with that Misfortune for want of duc Care and 


J Jo. Bip. De la Port, Lib. 11, Cap, X. 
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Precaution. Now to avoid all fuch fad Accidents, I thall fubjoin 4 
Compofition which ftands in no need of ‘being melted-at all, and is to 
the full as effectual as the Former. 

Take of Sulphur 16 It, of Salspeter 8 Ik, of Crude Ativan 2 tb, 
and of Cora Pewder 4 Ibs beat, mix and incorporate thefé well together: 
Then diflolve common Giue in Boiling Water, or (if you will) Gum A- 
rabic, or that of the Plumtree or Cherrytree in Cold ot Lukewarm 
Water, and pour it upon your Compofition in a glazed Earthen Pan; 
mix the whole well together either with your Hands or a Spatula, and 
make it up in Balls of what Sizes you pleafe; or to expedite your Wark; 
pour out your Compofition upon an Iron‘Plate, and cut it out in Lumps, 
and fet them, to dry.in the Sun, or in a Fire-pan, whete they riay dry 
by flow degrees. In fhort, when you would ufe them you muft - 
. ferve ” Rules already laid down for their sli . 


COROLLARY. Ih 


Hiftory will beat witnefs, that this Fire-Réin which we ‘his és 
amply dwelt upon, derives it Origin ffom the Grecian Fire of the Ané 
cients. Some. (as I have already obferved Chap. I. -of Book II.) atttiz 
bute the Invention of it to one Marcus Gracchus; but Sobannes ‘Zono~ 
vas affures us it was invented before the Time of Conftantine Pogonates 
Emperor of Greece. Nicetas Cheniates in Iaacid {peaks thus of it. 
They threw amongft the poor Inbabitans of the Sea-Coafts a cértain 
hind of Grecian Fire which was held in Pots, and which Suddenly “~_ 
out like Thunder, and fet Fire to whatever it could reach, 

Others have called this Grecian Fire mipuypes (which is as much as 
to fay) Wet Fire, becaufe it was obferved to butn upon Watet, and 
powerfully to repel all Moifture. Now to keep my word with you; 
I thall give you the Confection of it, juft as I took it from Scalger! 

+ Now for Fires and Fiery Compofitions, which you undertake to inftru 
us in; (he fpeaks to Cardan) but I wonder you have not yet difcovered 
bow they are called. We have many Writings extant which call. them 
Grecian Fires; one or two of which I fhall willingly fubjoin, as I took 
them formerly from fome Arabic Books. Fire which deftroys Iron was invent- 
ed by the Son of Amram. Take of Tar, (it is thus I interpret Zerf) of Gum 
Juniper, which is alfo called Samag Agar, and corruptedly Sandarax, Oif 
of Turpentine, Oil of Bitumen, Oi! of Sulphur, Oil of Nitre, or Saltpeter, 
Oil of Eggs, and of Oil of Lawrel or Bay, each Six Parts. Powder of 
Dhmeft or dry Bays, and of Camphire macerated in Brandy; of each 14 
Parts. Of Saltpeter, to the whole Weight of them all. Put all thefe into 
a Glas Veffel with a narrow Neck well luted and flopped up, then bury 
3t¢ in Horfe-Dung for 6 Months, This Compofition /hall be fhaken every 
fourth Day, and then Diftilled int Seraphino. We have a Defcription 


+ Exercit. XIN. t I take this Term to be of Hebrew Eanattion, and to fignifie no 
more than dsfilling it over a Fire. - | 
Bbbb of 
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of another fort in the Catalan Tongue. The Refiduum of Turpentine af- 
fer the Otl of st ts drawn off, Oil of Turpentine; of Tar, of Rofin or 
Pitch of Cedar, of Camphire, of Bitumen, of Mummy, of New Wax; 
of Duck’s Greafe, of Pigeon’s-Dung, Oil of Sulphur Vivum, Oils of 
Juniper, of Lawrel, of Linfeed, of Hempfeed, of Petrol, Oil of Tyles, 
and of Oil of the Yolks of Eggs, each half a Pound. Of Saltpeter 10 Ib; 
of Sal Armoniac 7 Ounces, Let all thefe foak in Brandy in fuch manner 
as to be covered by 1t; then buried in Horfe Dung, and renew it every 
third Day. Then draw off the Spirit a Seraphino, which you fhall thick- 
en with Ox Dung reduced to avery fine Powder: It ts this that Semimau- 
rus calls Miraculous ; esther becaufe it takes Fire by the Heat of the Sun, 
or is not to be fuppreffed by any means, but by Vinegar, Urine, or Dirt: It 
burns obftinately in Water. Thefe Fires are thrown in Pots at the Enemy, 
which fort of Pots was called by the Greeks, egiay®.. 

It appears chen that the Grecian Fires had the fame Effect, and were 
applied to the fame Ufes as our Fire-Rain (namely) to fet Fire to be- 
fieged Places: But there is one Thing which I ftumble at; for to tell 
you the plain Truth, I cannot well conceive how this Fire could be 
hid and ftifled (as Nicetas Chontates fays above) fo as not to perform its 
Effeét, before it reached the Place at which it was thrown. Were the 
Veffels it. was thrown in contrivedafterfome fuch manneras thofe Grena- 
do’s. which we have called Blind? Or were they made of Clay, and or- 
dered like our Fire-Pots with lighted Match, &c? Or (what Iam moft 
inclined to believe) did they fire the Matter in thefe Pots, before they 


were projected towards the Places they were defigned for ? 


. For my part, I cannot perceive what fhould oblige them to break, if 
they were not made of Clay or Wood; for it would be impoffible for 
this Ignequs Stuff to break-them by its own Strength, had they been 
made of'Iron or Copper. inafmuch as its Power extended to a certain 
degree of Violence, and inafmuch as it was fufceptible of an inextin- 
guifhable Fire: For notwithftanding that it had a good Quantity of our 
Gun-powder Ingredients in it, (which. I doubr) it would not be ftrong 
enough to burft Pots made of any hard Metallic Subftance, as is done 
by our Powder,. to whom alone that Power is granted, and denied to all 
other Things whether Natural or Artificial. There have been thofe 
who have related Wonders concerning the ftrange Effects of Aurum Ful- 
minans, by which it feems even to furpafs Gun-powder (to which I have 
partly confented :) But as its Operations are diredtly oppofite to thofe of 
Powder, and fince it is of no Ufe in our Fire-Works, we will not give it 
a Place amongft thefe combuftible Things. But to return to our Gre- 
cian Fire; we have a familiar Inftance of the natural Imbecility of it, 


in our Pyrotechnic Compofitions which we call Slow, which (befides that 


they are compounded of fome of the fame Ingredients as the faid Fire,) 
are made up not only of Saltpeter but alfo of Meal Powder, and even a 
Portion of the fame in Corns; yet if you fill a Fuze or a Shell with 

them, 
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them, they will burn without doing the leaft Damage to the Veffels 
which contain them, except they are very thin and flight, or are not 
well re-inforced wise proper Coating, or except the Fire is too much 
confined. Moreover, we make S/ow Compofition of Meal Powder only, 
which if it be put into Wooden or Paper Cafes, and ‘fired, it will not 
. in the leaft hurt them : How little then would it be able to burft Veffels 
made of Iron or Brafs, like our Grenado’s, which are with difficulty af- 
fected even by our Corn Powder ? For I muft remind you, that whenever 
the Corns of our Powder are disfigured, ‘they are divefted of . their 
Strength, ahd are fo fat from being able to break Veffels made of Metal, 

that they would not {plit them if made of Wood, provided they are “of 
moderate Thicknefs, well coated with tarred Cloth, and re-inforced 
with ftrong Cord or Marline. 

We will conclude then, that the Veffels which’ held the Grecian Fire 
were made of fome Wood or Metal, and that they” were open, and not 
covered up like our Fire-Pots, which” are at prefent i in | fach’ great ‘Requeft 
with us, Say we. farther ;. that the Matter contained in them. was. co- 
vered by fome very Slow Compofition, to prevent the Fire from ‘feizing 
upon It, before it had arrived at its intended Length. Or elfe we muft 
believe, that it was covered. by fome fort of Spunge, or that it had 
lighted Match in the Mouth of os which. perhaps was covered 
with a Cloth, or fome loofe Wooden: ‘Lid; and thus the Matter being 
accended, flew out impetuoully, and confequently burned and a 
every thing within its reach. 

However Ido not deny, but thofe she ufed this Compofition might be 
ingenious enough, to contrive that thefe Pots of Earth or Wood fhould 
break in the ir, from whence the Matter they contained, falling and 
{cattering abroad unlighted ; it would be impoffible to fee it fall, or to 
diftinguifh it after it was fallen, and accordingly at firft ic did na Da- 
mage: But being foon afterwards kindled by the Heat of the San 
(which is not impoffible, according. to Scaliger) ot accended by the » 
Wind, or Rain, or Dew (I fhall give you fome fuch Compafitions here- 
after) it muft confequently take Fire, and burn whatever it fell upon. 
Now perceiving that Compofitions of this. Nature made into Lumps or 
Cubes, and fhut up in a Wooden Ball, may be {cattered abroad in the 
Air by Gunpowder, and fall down lighted or unlighted into befieged 
Places; I thought it would not be amifs to infert the following Compof- 
tions, and to inftru@ you in the Confection of them, according to the 
Directions left us by Authors; notwithftanding that what I have already 
given you from Scaliger is none of the moft unfit-for our Purpofe. 

La Porte faith: + There ts a Compofition which catches Fire by the 
Heat of the Sun; particularly in thofe Regions where the Sun is very pow- 
erful; which muft be compounded of very Igneous Ingredients ; for Ex- 


t Joh, Bap. de Ja Port. Lib. IJ. Cap, X, ° 
ample: 
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ample: Take of Camphire, of Sulphur Vivum, of Turpentine, of Gum Ju- 
niper,and Oil of the Yolksof Eggs ; together with Tar ; Powder of Colophone, 
of Saltpeter, and of Brandy to the double of them all, and a Iittle Arfenic 
with as much Tartar: All thefe being pounded and well mixed, put them 
into a Glafi Veffel, and bury it for two Months under a Horfe Dung-bill, 
which muft be frequently renewed, and the Compofition as often fhaken: 
Then draw off the Liquid Part of it in the fame Veffel it had been buried 
in, (as we fhall foew hereafter) which Liquid shall be thickned with fome 
of our Powder (he means a certain Powder which he had juft before 
mentioned for Water-Balls) or with Pigeon’s Dung finely pulverized, fo 
as to give it a pretty denfe Confifence. (This may be made up in little 
Lumps.) With this dawb over all the Wooden Work or combuftible part of 
a Houfe upon fome bot Summer's Day. All this is afcribed to Marcus 
Gracchus. Pigeon’s Dung is of a very fiery Nature : (1 mutt obferve 
here that the Dung of Geefe, Ducks, Hens, &c. being well dried, is 
alfo very combuitible; but he goes on) Galen relates, that in Myfia, 
which 1s a part of Afia, there was a Houfe burnt by the following Accident. 
A Parcel of Pigeon's Dung being thrown under a Wi coden Window, which 
bad been lately done over with Rofin, fo as to touch it: This Dung being 
rotted, and much heated by the Sun upon a very warm Day, and emitting 
very hot Vapours, the Window took Fire, which foon after got bold om the 
Roof, and in a little time fpread all over the Houfe. 

The fame Author faith in the fame Place: That if you would make a 
Fire which fhall be extinguifhed by Oil, and accended by Water, you muft 
confect it of fuch Things as burn the moft readily in Water, or that burn 
in it of their own Accord, fuch as Camphire and Quick Lime: From 
whence it is that if you make a Compofition of Wax, Petrol, and Sul- 
phur, ét will be extinguifhed by Oil or Dirt ; but if you throw Water upon 
tt, it will revive and burn with renewed Vigour. Of this Compofition 
they make Torches which burn in great Rains, or in crofing of Rivers. 
Livy tells us, that certain old Women, at a time when they were celebrating 
their Games, took Torches made of this, and fwam over the Tyber with 
them, by way of Miracle. _ | 

Cardan faith: -+ That Water accends violent Fires; becaufe the Moi- 
fiure it exbales is rendered more Fat and Greafy, and is not waffed or de- 
ftroyed by circumfufed Smoke, but is totally devoured by the Fire ; from 
whence being purified, and united by the Cold, it fprings up with the greater 
Alacrity ; and therefore thofe Fires which are excited or accended by Wa- 
ter, foall be compounded of Ship or Greek Pitch, of Sulphur, of the Lees 
of Wine, commonly called Tartar, Sarcocolla, Saltpeter and Petrol: (all 
this ts attributed to Marcus Gracchus.) To the/e muff be added a double 
Portion of Quick Lime, and the Yolks of Eggs; the/é mupf be mixed well 
together, and buried in Horfe-Dung. | 
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The fame Author in the fame Place: Take Oil of Petrol, Oil of Ju- 
niper and Saltpeter, of each equal Parts ; "of black Pitch, of the Greafe of 
Geefe and Ducks, of Pigeon’s.Dung, of Liquid Varnith, the Jame Parts 
of each; of Afphaltites or Bitumen five rae put them all into Brandy, 
and bury them in Horfe-Dung. 

The fame Author in the fame Place again: Take of Liquid Varnith, 
of Oil of Sulphur and Juniper, Oil of Linfeed and Petrol, and of Tur- 
pentine, equal Parts of each; of Brandy 3 ¢ Parts: Iben of Saltpeter and 
dry Lawrel Wood both well powdered, enough to thicken the Whole, and 
give it the Confftence of a Lute. Put all thefe into a Glafs Veffel, and bu- 
ry them three Months in Horfe-Dung. If the Balls made of this fick to 


any Wood, they will be accended by Rain: However, they will not always 


anfwer to this Effect; but being once enkindled, they never fail to burn in 
fuch a manner, that it will be to no parpefe to endeavour at ial nia 
them by Water. 

Scaliger faith: + I afterwards met with a little Book which teaches bow 
to make feveral Sorts of Salt, and Alum, and to confect a Fire which will 
be accended by Spittle, and was frequently ufed by Thieves and Robbers : 
(Pyrobolifts may ufe this in the honourable Robberies of War.) Take Oil 
of Sulphur, of Turpentine, of Cedar, and Tar, of each 14 Ounces; of 
Saltpeter 16 Ounces; Sal Armoniac, Vitriol, calcined Tartar, of each 
8 Ounces; calcined Loadftone, Quick Lime of River Pebbles,: of each 
balf an Ounce; T allow and Duck’s Greafe, of each 6 Ounces. Being all 
covered with Brandy, bury them in Horfe-Dung for three Months, (in the 
Margin it was written in the { Dung of a Mare with Foal.) It muff be 
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Soaken every fourth Day; then heated over.a Fire that the Liquid Part of . 


it may evaporate, and the Feces or bard Part remain bebind : Then break 
the Veffel to get at it, and pulverize it, If the Powder of this be fcat- 
tered over Water it burns vehemently. This I have inferted. to evince how 
great an Enemy I am to fuglers and Mountebanks; upon which Account 
alfo I fhall add a Fable framed by Ct. Cnidius: This worthy Gentleman 
pretended that be knew bow to extraét an Oil, from a certain River Worm 
of India, with which the Kings of Perfia ufed to burn the Enemy’ s Towns, 
by only dawbing or fprinkling them over it. 

lian. Lib. V. Hift. Arim, Cap. V. & Ammianus Lib, XXII. relate ; ; 
That the Kings of Perfia ufed a certain O:/ with which they fet Fire to 
‘Towns, and burned down their Gates, and that it was impoffible to 


fupprefs the Flame of it even with Water, it being naturally able to— 


withftand the Effeéts of that Liquid Element. This Oz/ was made of 
Petrol or Naptha. But if what Ct. Cnidius fays of this Perfian O:! ap- 
pears fabulous to Scaliger, what would he have faid of a certain Water 
mentioned by Leonard Fronsberger; which has fuch an extraordinary 


t Scal. Ex, XIII. ¢ The Original has.i it: Cooperta omnia fepeliantur wm equi ventre 
per menfes tres, in margine i fait, in eae fate ventre, | . 
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Prdéperty, thet if atPiede of Cagnotr be'chargetl! with it, i¢ will projet a 
Bullet to’ He Dittarite’ of F600 Paces? Fé orders it to be compounded: of 
6 Parts oF a Saltpetrons Lustotum, 2 Parts of OF of Suiphur; 3 Patts of 
Wattr f Sal 2ttmoniat, and 2 Parts of Oleum or Balfamum Benediam 
For my part, I can fay nothing of this till F have made the Experiment: 
But ipon thd Whol, I donot appreheitd that Scaliger had any great 
féHon cither 06 fay of believe, chat whit Ke fpeaks of above is a Porpe 
fy and Z Juglitig Frick; for I arr perfelly of Opinion, that ic is not 
inipoffible td be tue; ahd you may vetittire to think iv a Fadt, fince I 
mye have food by Experience, that ic is ant eafy rhattér to make Con» 
foftions, Which will itfinédiatély catch Fire by fprinkling thet ovet 
With Watet, drid break fOon aftetwards mts a2 Flatne, wichour che leaft 
Applicati6n of any Fire’ wharfdever to them. Now this Accenfion fs 
purely owing t6 Sack Lim’, to whiclt you add céttain Portions of hot 
and fiery Subftances: I fhall give you two of thefe Compofitions of my 
GwWh hiveition, add which F have _ nivfelf. | 


Také of Saftpéter 16 Tbs of Sxiphur Viium 6 1b; and of Qeick Lime 
3 fB. | 8 | 
_ I. 

Tate 6 th of Salpeter; 4 TB of Sulphur, 16 £8 of Frankincenfes 1B ft 
Of Linfeéd Oil; % ili of Oil of Perret; 6 fb of Gun-powders 12 tb of 
Sick Lime , afd one tb oF che Fuice of Onions. | = 

The twé folldwitig ate from — 


Take equal Potions of Copperas-Warer, Sulphur, and Oe) of che Yrits 
of Hyzi, and puttihg then into a glazed Earthen Pan, fry them over a 
good Coal Firé, till thay have acquired thé Confiftence of a Conferve; 
then add to theth a fourth Part of Wax, and intotporare them welll to- 
bether: Preferve this Compoftion ih an cited Bladdet, and ftop it up 
clofely with Wax fo as no Ait may have acces to it. Our Author af- 
fures us, that this Mixture being expofed to the Wind in any opén 
Place, it will take Firt, and that being wetted by Rain, it flames out, 
and that the Fire of it {poils, deftroys and devours every thing within 
§ts Rédch. 7 | 
— Take Quick Lime of Vertice, Gum Arable, Sulphur, and Ginfred Oil, equal 
Parts Of edch incdrporate them well togeérhet ; and ‘when you “have a 
Miid to thake Tryal of ‘the Effects of this Mixture, fprinkle it over 
bal alittle Water, drtd fc will be lighted, attd dare out Flames on all 
Sides. 

To ‘thefe rWo T 'fhafl ‘add 4 ‘Third end Pourth, taken -from ‘Yercme 
Ruel an Ttalian: The firft of ‘which ts the ‘Compofition “of ‘a Stone, 
“which being put ‘into Water, or‘chly moiftened with Spittle inmmediate- 
ly takes Fire. Take then Quick Lime; Tutia unprepared, Saltpeter {e- 

veral 
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 veral times clarified (according to the laft Method I gave you) and 
Ladffone, of each 1 Part; Sulphur Vivum and Campbire, of each 2 


Parts: Put them into a narrow Earthen Pot, and this Pot into a large | 


Crucible, and cover it with another of equal Size; tye them faft toge- 
ther with Iron Wire, and lute the Jundtures well up, that it may be 
impoflible for any Air to infinuate icfelf; im fhort the Lute being 
thoroughly dry, you fhall fer thefe Crucibles into a Lime or a Brick 

Kthr, and as foon a9 the Lime or Brick is fifficiently. burned, take 
your Crucibles out and break them, and you: will have an hard Rody 
‘hbhhke a Stone. 

"Ehe other of this Aushoe's invension ia thua; Take of Okus Be- 
nediffum x Te, of Linfeed Oil 3 tb, of Oi! of Eggs 1 th, of Quick 
Lime 8 tb: Mix and incorporage all: thefe together according to Art. 
He affures that if any Thing whatfoever is fmeared over with this it 
rouft infallibly be burned, nor.cqn the Fixe of it be {uffocated by: any 
means, particularly if never fo little Rain falls upon ip There are 
‘thofe who attribute the Invention of this to Abuender the Great. 

Thole who would be farther informad of this Matter, may confile 

thefe Authors, who will give them all che Sacisfadtiog they can with, I 
fhall only fay that thefe Cempoftcoxs, when well prepared and proved, 
may be applied to feveral Ufes in Pyrotechuics; for befides the f{everal 
purpofes for which they were invented, they.may ferve to burn any 
thing in Water. Thus if you would burn a Wasdes Bridge, you may 
at Low Water, fend little Boats or Wooden Chefts down the Stream 
towards it, well bound with Iron, and filled with Hond Greneds’s, 
the Interflices between which may he filled up with ons of thefe Com- 
poftions; taking cate that thefe little Veffels or Chefts be well fhut up, 
and payed with a good Coat of Pitch, leaving only a very little Hole, 
through which the Water may infesfibly drop amongft the faid Mix- 
ture; and taking care to order the whole of it fo that it be exactly of 
the fame Spenific Gravisy with Water, for Reafons formerly given, 
that « may with the mone cafe be carried by the Stream to the Bridge you 
have a Defign upon; which your Chefts may catch hold on by Haoks 
ax Graples arofully contrived for that Parpofe, all she Grenedo’s take 
Fare by means of che Campofitson by which they are encompafied round, 
nd by their wfoal Effects min and demolifh the Bridge they ftiak at. 

if your Curiofity anchines you to dee thefe little Veflals fwimming un- 
-@er the Surface of Water, you may find them in Merfennus in his Co- 
roll. UW. Prop. 49 of his Hydraulics, and in Book H..of his Art of Na- 
wigation; .asalfo in Harman Prop. 6. Advert. V. From whence the 
ingenious Pyrobalif may furnifh himfelf with a great many fine Hints; 
ond put them in practice in‘his Artificial Fireworks. For my part, I 
fhall.content myfelf with having pointed out £0 -you = Places where 
pouanty find them, ; 
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CHAP. IX. 
Of LIGHT. BALLS. 


I N the Fir Part of this Book, in Chap: Ul. and Corall.1. we thewed 


you how:to prepare Recreative Light Balls: I am now going to give 
you the Military Sorts of them, which are more dangerous and better 
= to do Execution in the the Occurrences of War. They are thus. 


SORT I 


Take equal Quantities of Sulphur, Pitch, Rof mand Turpentine, and 


‘melt them in.a glazed Earthen, or Brafs Pot: Then take a Ball either 


of Stone or Iron, whofe Diameter is fomewhat lefs than the Cahbre of 
the Mortar or the Caznon it is to be fhot from, and dip it all over in 
this Melted Stuff; which done, take it ‘out and rowl it gently in Corz 


Powder. Then wrap it up in a Cotton Cloth, and immerge it again 


into your Compofition, and taking it out again rowl it a fecond timein Corr 
Powder, and wrap it up again ina Cotton Cloth; in fhort, repeat this O- 


-peration till your Ball is of due Size: But you muft take care that the 


Laft Cruft or Coat of your Ball be of Corn Powder. Being thus ordered 
fix it in your Mortar or Cannon naked as itis, without any farther Cove- 
ring, and project it where you pleafe. See 8 15 5» ene by 
Letters. A and B. - | 


SORT IL. 


Take of clarified Saltpeter 1 Part, of Sulphur 1 Part, of Orpiment 
1 Part, and of Pitch 1 Part, of Colophone + Part, of Varni/b in Grains or 
Gum Juniper 1 Part, and of Frankincenfe 1 Part. Reduce thefe In- 
gredients to a fine Meal, and incorporate them well together. Then 
take of Turpentine 1 Part, of Mutton Suet 1 Part, and of O2/ of . Pe- 
trol } Part: Mele thefe in an Earthen or Copper Pan over a flow Fire, 
and as foon as they are melted, throw the above pulverized Compofition 
into them, and mix them all together. In fhort, throw in a good quan- 
tity of Flax, Hemp, or Cotton amongft them, to give the whole fuch 
a Stiffnefs, as to bear. making up in Balls; after which make it up in 
Balls accordingly, of what Sizes you pleafe. Thefe may be thrown 
amongft the Enemy when they are in the Ditch, or at the Foot of 
a Rampart, or preparing for an Affault; they will alfo ferve to annoy 


thofe who are at work upon the Galleries, or who approach you by 


Sap to lodge themfelves in the Mines: By their il they will 
G alfe 
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-alfo fhew you whatever is doing without your Walls; in fhort, thefe 
Noéturnal Lights will difcover to you all the Enemy’s Contrivances 
and Stratagems, to compafs the Ruin of your Fellow-citizens and 
yourfelf. They moreover will not only ferve to light you in the Night, 
‘but burn moft outrageoufly and deftroy every Thing that j is within the 
Sphere of their Action. 

If the Exigence of Affairs requires you to form very large Ball of 
the above Stuff, fo as to fit the Orifices of Mortars or Great Guns; you 
may order them with the fame Eafe as we did thofe of the Firft Sort. 
Thefe.will be particularly ufeful, to throw into the Enemy’s Lines, 


when they begin their Approaches afar off, or to any of their diftant - 


Works which are out of the reach of your Arm; that you may by 
them difcover what is hid from you under the Veil of Night; and. at 
the fame time by illuminating all the circumadjacent Country, prevent 


the Befiegers Defigns, or give you timely Notice of them. .. But I muft 


caution you to reinforce thefe great Balls with ftrong Marline, or with 


a Network of Iron or Latten Wyre, for fear they fhould be difperfed 


in their Projection, or fly to pieces in the Air, inftead of a 
whole and entire as they ought. 

If thefe Compofttons are too dear for you, you may siti the following 
which are cheaper, and to the full as effectual. —_—- 

Take of Sulphur 10 tb, of common Pitch 4 1b, of Colopbone 1 fb, 
of Saltpeter 2 Ib, and of Suet or Tallow 2 tb. Melt all thefe, and add 
to them 1 Ib of Coa/, and niix-the whole very well together over a 
Fire ; then take it off, and throw 3 tb of Meal Powder into it; but not 
all at once, but at feveral Repetitions, continually ftirring and mixing 
it with the other Ingredients: To this you thall add Tow as before, 
and make it up in Balls... 

Or elfe take of Colophone.x Ib, of Sulpbur 3 Ib, of Saltpeter 1 fb, wk 
Coal 1 th, anda little Crude Antimony. Proceed with this as before : 
This was invented by Fronfperger, from whom Brechtelius borrowed it. 


SORTS III and IV. 


Thefe Light Balls may be fo contrived as to be of a Mortal Nature, 
and by that means ferve in a double Capacity, of difperfing Darknefs, 
and deftroying the Enemy. This was formerly put in Execution by 
the Dutch (as we are told by Diegus Ufanus, in Treat. III. of his Artij- 
lery, Chap. XX.) at the Famous and Memorable Siege of Offend, from 
whence they threw Light Balls (prepared as we fhall thew you) which 
did prodigious Mifchief to the Befiegers. ‘There is nothing difficult in 
the Preparation of them. You need only take an Hand Grenado 
armed on the Outfide with Mufquet Balls, or larger if you will; (fo that 
the whole be nicely adjufted to the Calibre of the Mortar or Gun.) 
Having {topped up the Vent of your Grenado with a Wooden Stoppie, 

Dddd you 
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you fhall coatit over with Tow fteeped in one of the aforefaid Compofitions 
tothe Thicknefs of two Fingers, and then pulling out the Ssopple fill 
it with Cory Powder; and coat the Vent of it over as you did the reft of 
its Circumference, and rowl it in Meal Powder; in fhort, you thall 
fecure the Coating upon it with Marline or Wyre, as we faid before. 

Thefe Balls may be likewife prepared after this Manner: Take a 
certain quantity of Iron Crackers loaded. with Corn Powder and Leaden 
Bullets; and with a Wyre, Cord, or Cat-gut, bind them together in 
fuch form that their Orifices being alternately difpofed, they may ap- 
pear like a Radiant Sphere or an Hedge-Hog: the Interftices between 
thefe Crackers thall be filled up with Meal Powder fteeped and kneaded 
in Brandy, in which has been previoufly diffolved fome common Glue, 
or any fort of Gum. In doing this you muft take care to make it into 
a perfect Sphere. Then giving it a Coat of Cotton Cloth, dry it in the 
Sun, or in a Fire-Pan; and proceed with it according to the Method 
we have already laid down. See more concerning thefe Bally; in Di-+ 
egus Ufanus Treat, III. of his rill. Chap. XX and XXI, and in Han 
selet’s Artill, Page 187 and 211, In Brechtelus Part WU. of his Arts. 
Chap. I and IV; and Fronsberger’s Artil. Part. ll. Page 194 and 196. 
The laft of thefe Authors, in the Place I have now quoted, will in- 
ftruét you in the Preparation of a Ba// which not only burns ina fright 
ful manner, but alfo ferves inftead of Crow-Feet. This is the order he 
obferves. Take a Wooden Ball and arm it all round with tharp- Iron 
Spikes, taking care that the Paints of them which are driven into 
the Wood tend all to the Center of the faid Bs//, and that their out- 
ward Points be about one er two Inches from one another, juft 
after che manner of a fleeping Hedge-Hog. Being thus ordered, the Inter- 
{tices between the Spikes, fhall be filled up with Tow fteeped in one 
ef our Liquid Canspoftions, but not fo as to cover the Points of 
them, which muft rife out to the Height of half a Finger’s Breadth 
ahafe the Tow. Fer any thing elfe relating to this you may confulr 
the Author himfelf: Befides the Pyrobo/ic WritersI juft now mentioned, 
you may upon this Subject turn aver ferome Gatanenus’s Examination 
of Artil. Page 37. ‘ferome Ruffels Precepts of the modern rts of 
War, Page vl, 32 and 33. And Exgenius Gentslinus’s InftraGions in 
oe Chap. LX. and feverak others. 


CHAP. 


- ps _- * - CS a wp a ey si - 
TE egy St I a ee ere en ee” i pio ae 


Book IV. Of the Great Art of ARTILLERY. 


CHAP. x. 


Of saa Balls, which the Germans calf Dampf and Blend 
Kugelen, 


E have oftentimes técourfe to Darknefs in the Qeeurrences of 

War, as well as in the Perpetration of feveral other Matters i 

do not here mean the Gloominefs and Natural Dacknefs of Night; but 
fuch as is Artificial, and which, accofiing to fome Rees of our Art, 18 
caufed to remain for fome time in narrow Places; whetlier it be that 
the Befieged would blind the Enemy in the midft of an Attack; of 
whether the Befiegers, to favour or facilitate their Affaults, would overs 
whelm the Befieged with a thick offenfive Smoke, and by that measis 
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take them like Fith in troubled Waters. To this Purpofe we have a | 


_ Way of preparing Balls which during their Combuftion taft forth 2 


Noifome Smoke, and that in fuch Abundance, that it is impoffible eo 


bear it. You are to proceed thus: Take of common Stone Pitch 4. ib; 
' of Tar 2 Ib, of Colopbone 6 ib, of Sulphur 8-1b, and of Saltpeter 36 Ib: 
Melk all thefe Ingredients together over 4 Fire; and then add td thein 
10 Ib of Coal; 6 Ib of the Sawduft of Pine or Fir, and 2 tb 6f Crude 
“Antimony; incorporate all thefe together; which Gone, throw améngft 
them a fufficient Quantity of Flax or Hemp: Your Tow being fteeped a 
due time, and having imbibed enough of this Liguified Compofition, 
make is up in Ballo either to be thrown by Hand, or fhet from any Ma+ 
chine. As to’any thing elfe relating to this Matter, you dre to obferve 
the Rules we have already hid down in the Preparation of Light-Balls, 

This is the right Method. of introducing Night at Mid-day, of imter- 
cepting the Sun-Beams, and depriving the Adverfary of the Beriefic of 
Eye-Sight : And the Practice of this is the more lawful, inafmuch as it 
is an Imitation of Nature, and may with Honour be executed in a righ 
teous War, But I banith all unlawful Practices from the Chriftian Arts 
of War; and efteem thofe 4rts as infamous, which are founded upon 
‘++ Charms, Sorcery, and the Invocation of unclean Spirits, together 
with feveral other aborhinable Supeérftitions which muft be hateful to 
God, odious to Men, and undeferving the Title of Art. It is with Hor- 
rour that I refle& upon the Fafcinations of the Mo/covites, Tartars, and 
éven of our Coffacks. But not to dwell on the damnable Abominationg, 
and horrid Impieties, perpetrated by thofe Wretches with the Afitance 
of Infernal Powers ; I hall only curforily fay that they are moff deeply 


4 Here we mutt allow for the Prejudice and Superitition of our Author’s Religion, | 


verfed 
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verfed in Sorcery, and all the Arts of Hell, and can raife Fogs, Storms, 
and darken the Light of the Day by means of -thick Mifts to fuch a 
degree, as to prevent you from feeing fuch Things as are neareft to you: 
In fhort, one would think that they had been perpetual Students under 
Zoroafter the Bactrian; or that they had been bred up in the very Re- 
ceffes of Pluto himfelf: But as thefe Monfters are forfaken of God, and 
alienated from his Grace, when they refort to this Diabolical Science for 
a fuccefsful Iffue to their Wars, they ceafe to be under his Divine Pro- 
tection, and meet with Events futable to their Wickednefs. I could 
produce many Examples recorded in our Hiftories to corroborate the 
Truth of what I have here faid ; but fhall content myfelf. with giving 
a fuccinét Narration.of a prodigious and miraculous Victory which God 
was pleafed to give us, over + 800,000 Crim and Precopian Tartars, 
near a {mall Town in Podolta called Ochmatow, in the Year 1644. 
Thefe Barbarians then by their Diabolical Incantations, fuddenly raifed 
fo thick and frightful a Fog, that we really thought Nature had inverted 
the common Order of Things, and had turned the Day into Night. By 
this means our 4rmy (which was {mall in Number but great in Heart, 
under the Conduct of that Thunder-bolt of ‘War, Stani/laus. Koniec- 
polski, formerly the King of Poland’s General,) was wrapped in Mift, 
and wandered up and down the Country, and marched feveral. Miles, 
before we could overtake, or fall in with thofe Mifcreants, to give them © 
the Chaftifement due to their Demerits, and to take Vengeance on them 
for the Evils they had created us. But we found: that the Confidence 
we had repofed in Heaven did not prove ineffectual; for no fooner did 
we get Sight of the Villains, than the Sun entirely difperfed the Fog, 
(under the Covert of which they had committed the moft horrid Bar- 
barities;) fo that enjoying compleat Day-light again, we foon expe- 
rienced that Heaven had not abandoned us in our Extremities: In fhort, 
to fay that in few Words, which many have related with Prolixity: I 
was prefent, I was an Eye-witnefs of the Fact, and our God difcom- 
fited them. | 


CHAP. XI 
Of POISONED BALLS. 
O F the many laudable Mihtary Laws and Regulations, which were 


eftablifhed amongft the ancient Germans ; and which they obliged 
their Pyrotechnicians to bind themfelves by an Oath to obferve ; the fol- 


4 In the Book it is $0,000, which is more likely, but the Table of Errata will have it 800,000, 
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lowing were none of the laft nor moft inconfiderable (fee Breck ‘telius 
Part Il. and Chap. II.) namely ; That they fhould never prepare any 
Fire-Works that fhould be any ways hurtful to any Perfons or Things: 
That they fhould not fire.any Cannon in the Night-time: That they 
fhould not clandeftinely hide Fires in fecret Places: But above all, That 
they fhould not prepare any Poifoned Balls, nor ufe any fort of Venom 
in their Compofitions, or upon any other Account whatfoever that might 
affect the Life of Man ; for the firft Profeffors of our Art looked upon 
all fuch Actions to be as heinous in themfelves, as they were unworthy 
of a brave Man and a true Soldier; and {corned to deftroy theit Ene- 
mies, by fuch ungenerous and unmanly Stratagems, fince they might 
annoy them a thoufand Ways in honourable open Combat : Therefore 
fince all Laws, Divine and Human, do in the ftri€teft manner forbid us 
in our Civil Capacity to have recourfe to fuch inhuman Artifices ; and 
fince they have ordained corporal Punifhments to be inflicted on thofe; 
who to gratify their Lufts, make any hurtful Ufe of Poifon, Charms, 
Incantations, &c. how:- much more ought thefe Laws to be obferved, 
and how much more are fuch Praétices to be fhunned in our Military 
‘Capacity ? Which is not a State of unbridled Licence, or infamous un- 
roly Diffolutenefs; but on the contrary, a State of the ftri@eft Honour, 
the moft unfhaken Fortitude, the moft conftant Magnanimity, the moft 
fincere Probity ; ; in fhort,. the State of War ought to be as it were 2 
Theatre of all Sorts of Virtue. As for private Arms, which are no 
other than the mere Productions of .4rt, I do not in the leaft difapprove 
of them, nor will I rank them among fuch Things as are unlawful; for 
we have the Authority of very great Captains who have put them in 
practice, and greatly commended them, upon which Account I fhall 
venture to fhew you fomething farther of them in this little Work: But 
I will by no means admit Pos/oned Balls into the Clafs of Warkke In- 
ventions, nor allow the Ufe of them toa Soldier; who-as he is a Man of 
Generofity, and much more as he is a Chriftian, ought to abhor the 
very Thoughts of murthering his Neighbour with an invenomed Wea- 
pon. Sure, the fertile Malice, and the continual Experience and Exer-. 
cife of Mankind in fucceffive Bloody Wars, ever fince the Halcyon Days 
of the Golden Age, have furnifhed us with Arms fufficient either to 
offend our Adverfaries, or defend ourfelves againft them! Let us not 
therefore in fhedding the Blood of our Brethren indanger our own 
Souls. 

But after all ic muft be allowed by what we can gather from the Hi- 
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{torical Records of the Wars in the earlieft Ages of the World, that — 


thefe Pot/oned Balls need not appear fo heinous to us; and we find thar 
the moft {crupulous Confciences did not boggle at the Ufe of invenomed 
Weapons in former Days; nor need the ftricteft Chriftian réfufe’ or re- 
je@ them now, provided that he does not ufe them in a War againft 
thofe of his own Faith, but referves them for Tartars, Turks, and 

Eece other 
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other Infidels, who are fworn Enemies both to the Chriftian Name andl 
Religion ; for thefe we may fafely exclude from the Number of our 
Neighbours. Now thefe Balls, are fuch as in their burfting or burning, 
taint the Air to a degree of Mortality ; for we are taught by Expe- 
rience, and affured by the Learned, that the Pozfonons Suffumigations ot 
Efiuvia of fuch Things as you muft ufe for thefe Baits, deftroy the 
Health of Man, ftrike at the very Principles of Life, and confequently 
extinguith the Animal Spirits which keep the Soul confined to the Body. 
But by the way, you muft believe, char fuch Peftilential Vapours can- 
not be very effe@tual, except in fome clofe covered Place; for 1 doube 
of the Service of this Contrivance in any open Place, fuch as a Town 
or Fort which lies expofed to che Wind and Flux of the <#r: Upon the | 
whole, I can fay nathing certain upon this Head; and can only guefs at 
what might be the Effects of ic, from what little Knowledge I have in 
Natural Plilofopby, but a few Experiments will inform you of every 
thing you can defire to know concernimg it. 

One Evil generally draws a Thoufand after it: Thus Mankind did 
not think the bare Invention of Bows and Arrows fufficient ; (which the 
Ancients held to be of divine Contrivance, and accordingly Drodorws 


Sic. afcribes them to Apollo, and Pkry to Scythes the Son of Fupiter ;) I 


fay they did not think theit Arrows fimply of themfelves, to be fuffi~ 
ciently dangerous and hurtful, but they muft likewife be fteeped in Poi 
fon as well as their other Arms, to render the Wounds of rhetn the 
more certainly mortal. We have the Teftimony of feveral Authors to 
prove the Antiquity and Ufe of this Contrivance; and amongft the Reft 
in Phay Lb. XIL. Cap. LIN, where he treats of the Scythrans; in Passe 
lus Figin, Lib. WI. Cap. LXXXVIII, where he fpeaks of the Dacians 
and Dalmatians ; Theopbraftus, Lib, Plant. 1X. Cap. KV, where he dif- 
courfes of the Aithopien and Barbarian Wars in general; Dioforides 
Lib. VI. Cap. XX. In fhort, Virgil in his Eneid Lib, IX, {peaks thus: 


Ungere tela manu, ferrumque armare venens, 
In Englifo: 
In Darts invenom’d, and in Poifon skill’d. | . Dryden. 
Andin Lik X. | 
Vulnera dirigere & calamos armare veneno, 
In Engh : | | 


Direéting Ointed Arrows from afar ; | | 
And Death with Poifon arm‘d, | | Dryden. 


“And in iid, XI, 
Nox | fOCUS-4C wervo per mubem impulfa Seitta, 
 Armatam fev Parthus quam felle venent,— 
Parthus jive Cydon telum wamedicabile tonft. 
In. Bago: a 


—— by far nore flow os... 
Springs the fwift Arrow from the Parthiak Bow, 
_ Or Gydon Eugh when traverfing thé Skies, | 
And drench’d in pois’nous Juice the fure Deftruction ies. Dryden. 
Ovid de Trif, Lib, TH. _ | | 
And Sihus alfo £i3.1. 0 
Homer {peaks thus in his Odi fj. I. 


Ddguccrov kvdevpiver NGOs Sper by | 


Tes yesedey 

in Lutin: : : | 
Phartwacum, wari firs qucrens, at o af unde fagittas oblineret 
Seeking a deadly Drug wherewith ? infedt his Daits. 


‘Thus by the Hint we have caken From the Pratticé of former Ayes, | 
Men dye a Tripte Death; for the Bad pietces the Body, che Poifon a3 


agulates our Blood, and the Fire burns us up. a 
Certain ft is, thae the firft Inventor of our Gur-pewder is highly 


blameable, for having introduced an Invention of fhootitig Balers by: 


the riieans of Fire; but thoft are Rill worle who added Pazjom ta chote 
Balls, as if fimply of themfelves they weté not fufficiehtly mortal, 
Ftom heiice ate derived our Potfoned Bails in Ule atmongh Pyribolhifs, 
and hence the Venomous Bullets in Vogue atangit the Modefia Soldiery. 


But before we enter in earneft pon this Subje&, I mutt bee your Ax 


tehtion to what “fo/epb Qyercetan faith, who was 4 Very famow’ Phyfis 
-cian, (viz.) | a 

+ That we may not anfwer this Qycftion ubftirdly, I ball ingennomfy 
confefi, that Lead fimply confidered as to tts own Nature, bas ne infedtions 
Efe upon Wounds, nor never bas, excep? it b¢ oatwardly infected by any 


poifonous Tintture, and that it can be infected no-body will deny: For 1 


+ Sot, Quercét, ta Libeile Sélopetaria, | 
| believe 
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believe every one will allow, (what is generally received among ft Philofo- 
phers;) that though Lead is very heavy and grofi with refpect to other 
Metals, yet its Contexture is very porous and fpungy, which is owing 
to its being compounded of impure and ‘combuftible Sulphur; and of much 
feculent and droffy Mercury, upon which account it is fo foff and eafily 
melted, and coptoufly tmbibes any Liquid: If this laff Quality be attri- 
buted to Iron, whichis harder and not fo porous; fure no one can doubt 
that Lead will much more readily admit any Infection; and that this 
is true we have the Teftimony of many great Authors to evince. 

And a little lower. Nor do thofe argue to the purpofe; who deny that 
Lead, becaufe divefed of tts Crudity and Grofnefs by being purified, cannot 
admit any ftrange Body into it: Indeed Nature informs us, and Experi- 
ence fhews, that all Metals purified by Fire, are difincumbered of their 
Drofs; and are much refined after an Igneous Operation ; for by this 
Method are Copper, Tin, and even Iron refined; which by being melted 
by Fire is difunited from all its Droffy Particles, and the pure Subftance 
of it, which we call Steel, remains collected together, as may be proved 
from 4 Meteor. Cap. 6. of Ariftotle. Now though it be the Nature of 
thefe Metals, to be refined by Fire; (as we have faid above) and by 
Fufion to difcharge all their Drofs; yet that does not prevent them from 
imbibing any foreign Subftance. nd who can difpute but that Steel, 
which we may rank among ft the moft folid Metals, may be mixed and tem- 


pered with a Subftance quite foreign to itfelf? Who-will affirm that a 


Mixture of Vinegar, Soot, Water of Moufe-ear, and of Earth-worms, 
mixed with the Fuice of Radifbes, 1s in any refpect of an Ironifh Sub- 
france? Yet if Iron be frequently dipped and quenched in that Liquor, 
it will acquire fuch a Hardnefs as 1s not to be believed but by thofe who 
have made the Experiment. On the other, Hand, if it be often. quenched 
in the Suice of Marfb-Mallows, Soap, or Hemlock, it will be mollified. It 
alfo happens to Tin and Lead, that being melted and often cooled in the 
Suice of the Squillaor Sea Onion they are affeciedin fuch a manner, that the 
Jitft lofes its noify or ringing Quality, and the latter its Blacknefi and Soft- 
nefi, which could not be except they retained fomething of the Spirit and 
Property of the Liquor in which.they are tempered. It is therefore plain, 
that bow greatly foever Metals may be purified, and purged of their Drofy, 
they are capable of imbibing a Subftance of a different Nature from their 
own. But it would be folly to fay that the Mixture of Metalic Spirits which 
are of the fame Genus or Kind, cannot be more eafily effected than this: 


For we fee that Copper is tinged and turned Yellow by the Spirit of Ca-~ 


lamine and of Tutia: and on the other hand it is whitened by the Spirit 
of Arfenic, of Orpiment, &c. From whence we may fafely conclude, That 
if Metals (of which Bullets are commonly made, and particularly Lead,) 


foould be-infetted by any Spirituous Subftance inclining to their own Na- 


ture (which may be prepared of fo many forts of Mercurial, Fatid and 


Deadly Waters, to which are ufually added thé Suice of Aconitum or 
7 Wolf= 
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Wolf-bane, of Napellus, of the Squilla or Sea-Onion, of Eugh, of Smai- 
lage or Crow-foot, and fuch like Simples, and venomous Beafts, which are 
of noxious Effect upon our Nature) I fay, being tainted by fuch like 
Compofitions, the Wounds they make will be fo complicated by means of 
the Venom, that except tmmedtate Remedies be applied they muft be Mortal, 
For we have at this Day among ft us many Mixtures which are fo Veno- 
mous and Peftiferous, that if the Point of an Arrow be but fteeped a 
little in them, andit wounds any Body flightly, or only paffes through any 
particular Member with a fudden Celerity, and makes no flay in the 
wounded Part, the Potfonis fo fubtile that it at once diffufes itfelf over 
the whole Mafs of Blood, infects the moft Noble Parts, and inftantly kills 
the Perfon. 

Speaking farther on this Subject. From hence we will conclude 
that Balls may be infected with Venom, not by pouring any into an Hole 
made to receive it, as fome would have it; but by tmmerging the Bullets 
and repeatedly quenching them in fome of thefe Mercurial Waters or Dead- 
ly Fuices; by which means they may be corrupted and infetted, and (fuch 
ts the Subtility of thefe Drugs) invenom the Wounds they make, though 


they fhould with the greateft Velocity pierce through the Body. This has | 


bas been experienced upon Animals, which I fhall account for in my Book 
_of Antidotes I juft now mentioned. But by the way I muft obferve, that 
if a Ball paffes very fuiftly through a Body, it cannot fo well or effectu- 
ally communicate tts Venom; but it moft frequently happens that Bullets 
lodge in the Wounds, and remain there fome time before the Surgeon ean 
take them out, which oftentimes 1s not to be done at all. 

Who then can doubt, but that the Balt will work its Deadly Effects du- 
ring the time it thus remains in the Body? (Ihe more Spirituous and 
Subtile they are, as I fhewed above, the more fudden are their Effects :) 
And its Malignant Effluvia being conveyed through the Veins, Arteries, 
and Nerves, they infect the Natural, Vital, and Animal Spirits, and by 
being blended with them, and by the natural Conteft which artfes between 
them, in which the former always get the better, the Life of the Perfon 
js extinguifbed, .which purely confifted in the hvely proper Action of the 
Spirits. That Poifons are the moft pernicious when they are the ntoft 
fubtile may be gathered from the Bites of Vipers and other venomous 
Creatures. er 

This is all chat our Author fays of the Method of poifoning Mefal- 

dic Bullets, and their manner of affecting the Human Body. 

- 'Thofe then who would prepare Pot/oned Balls may obferve the Rules 
laid down by former Pyroboli/ts, or thefe of our Invention. ‘Take of 
W olf-bane, or Wolf-wort, which the Italians call Luparia, and the Ger- 
mans Wulffourts; of Napellus, whofe Root is in form of a Net; (This is 
a moft dangerous Poifon ;) prefs out the Juice of it, but take care not 
to touch it with your Naked Hand: The Juice of it being expreffed, ' 
put it into a capacious Earthen Pan, and expofe it to the Sun in the 
Ffrff . Month 
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Month of ‘uly, for the {pace of a whole Day ; that is, as long as che 
Sun has any powerful Influence upon it; this done, put it in fomé 
warm clofe Place, which muft have no Onions or Garlic near it, oF afiy 
other ftrong-fcented Thing, for it may be thercby deprived of much of its 
Strength and Virtue: On the Morrow expofe it again to the Sun as you 
did before, and fo continue to i for the fpace of a whole Month: 

And you will have a thick, foul, venomous Stibftance like aii Oint- 
ment. But you muft be careful to Air the Place where you lock up 
your Pan in the Night, for fear the malignant Effuvia of this Poifon 
fhould be conveyed through the Noftrils into the Head, and be attended 
with Confequences prejudicial to your Health. | 
_ Take moreover 3 or 4, of the rankeft fort of Toads, of fuch particti- 
larly as are bred in the moft fhady,and cold Places; for there they ac- 
quire the moft virulent Venom. Thefe fhall be put into a Brafs Vefiel 
like an Alembic, where they may have Room to fprawl abdut; which 
Veffel fhall have a Head that nicely, fits it, with a Hatidle at Top of ‘it 
to lift ir on or off; upon one Side of your V ffel you fhall have alittle | 
round Trough, with a Slit over it, which ‘thall ‘be ‘filled ‘with 'O#/ df 


_ Scorpions, Cover the whole up clofely, and ‘let ‘the Pipe or Spout ‘of 


your Alembic be.received in a Glafs Phial, which'mult be’ fet'ih a'Bafon 
ofcold,Water. This done, light a gentle Fire all ‘tound ‘it, ‘at the di- 
ftance of one or two Palmé, .that it may heat by‘flow degrees; and the 
‘Toads, as foon as they are affected by the Warmth, ‘will immediately 
{pew up all their Venom. Thus by Vomiting and Sweating’ they mutt 
of courfe become, thirfty, and will accordingly drink’ of the Oil céin- 
tained in the little Trough to quench their Thitft, ‘and will foon' after 
bring it up again, and.ic will in the end be diftilled into the Glafs Phial 
aforefaid. The Fire hall be kept up in an‘ unifortn’ Heat for four 
Hours; then leave your Operation ‘unfinifhed till néxt’Day, and ‘whic 
{ora Breeze of Wind before you take off the Hend of your Alembic ; 
and keeping to the Windward of it, at the diftance of ‘a ‘few’ Paces lift 
_off the Head with a long Pole, by running ig into the Handle above- 
. mentioned ; and leave your Veffel open for 4 or 5 Hours: In fhorr, the 


. noxious Effuvia being by that time difperfed you imay fifely approach 


it, to take away your Phial. So much for the Preparation of this Poifon, 


~_ now for the Ufe of it, Sprinkle over the Compo/ition of your Fire-Balls 


with this Deadly Extraction, together with the Juices‘of the Herbs I 
am going to mention, and charge your Ball according to thé ufual Way. 
.- You may. then add to this: The Yuices of Anemony, of Forch:weed, 
..of Hemlck, of Henbane, of Mandrake Apples, of Mandrake, of Napellus 
.. White and Blue, Monks-hood, Pafi-flower, Butter-flower, Poifonous Night- 
Shade, Sea-Onion, and feveral other Simples of this Nature. _ 
«The following Things pulverized may'dé very well, (v7z.) Mercury 
_ Sublimate, White Arfenic, Orpiment, C 'ynnabar, Minium, Lithatge;' vo 
which may be added the Men/?rua of Barren Women, the Brains of Rats, 
: Cats, 
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Cats, Bears; the Foam of Mad-Dogs, the Blood of Bats, Oi! in which 
has been previoufly drowned a gopd quantity of Hou/e-Spiders, of Quick- 
. fiver, Diagrede, Cologuintida, Eupborbium, one and the other Helle- 
bore, of Thymelea, Garden-Spyrge, Nux Vomic¢a, and fevera} other fych 
Things as are of noxiaus Efficacy. 

You may alfa prepare a Gun-powder, which will infegt the dir, and 
fuddenly kill thofe who draw in the Smoke of it; after this manner; 
Take a Toad and {mother it in Sglispefer, and pury it under an Horfe 


Dung-hill for a Fortnight; then take it out, and Proportion it with Sui- 


phur and Coal as we formerly ordered. 


Or you may melt Saltpeter over a Fire, and throw a good parce) of 


Houfe-Spiders into it alive, fo that being fuffacated they may difcharge 
all their Venom into it; you may alfo pawder your Saltpeter over with 
alittle Arfenic ; after having incorporated a good quantity of that Drug 
with it: Then make your Guz-powder with it after ghe ufual manner. 


OBSERVATION IL 


T believe it will be beft, jf ,to .the {Compafitions we ybaye Bivens 
for Smoke Balls, you add ,the Juices of the Herbs abausigpriong , 
with their Leaves and ;Roots -about half withered ; together wth the 


WP 


feveral other Poifonous Things .we juft now enumerated ; at ‘make 


them into Balls as before. You might alfo add the ‘outward Bark of 
Birch ; for all fuch Ingredients produce a thick fuffocating Smoke, and 
particularly the damp Leaves and Roots of the above Herbs; “ada? to 
which, that the Smoke they emit being moift and heavy, it flags near 
the Surface of the Ground, and.does not {pring up to any great Height 
into the Air; but fmothers and creeps along beneath, and fpreads 
through every where, where. it can have Admigtan¢e: And upon this 
Account, the beft Opportunity you can have for putting thefe Balls in 
‘Execution, is when the Heavens. are clouded over, and mifty ; during 
-a thick Fog, or in great Rains, or ,whgn. it fnows,, and in, gloat y heavy 
‘Nights ; for the Air is at. thofe simes. impregnated, with, ‘grofs, apo 
-which are + impenetrable by the Smoke, ,and copioully inter{perie with 
Subftances heavier than itfelf,. which fupprefs the Fumes of yovr Rall; 
‘which would tend upwards.in ferene clear Weather. - 


(OB S-E,R,V:A,T, L0.N ,d 


You may arm thefe Balls with Crackers, to goa them, fom. the At- 
tempts of the Enemy. 


+ It is not owing to the Im enetrability of Vapour, but the Lightnefs of the Air in foul 
Weather that Smoke does not rife ; for. ax shat.Time the Smoke,’ as fooh as it is ais'd or ex- 
poe from the fmoaking Body into the Air, -falls dawn a gain by reafon that‘it is {pecifftally 

seavier than Air; whereas in fair, Weather when the Air® : heavieft; and confeqhently* denfer’ 
near the Ground, the Smoke, being, than lighter, than Air, . rifles pptighs A the Laws of of Hydro 


flatics, 
be O B- 
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OBSERVATION II. 


You muft be careful, that what you prepare for the Ruin of your 
Enemies, does not turn to your own Deftruction ; and that inftead of 
conveying Death into the Adverfary’s Quarters, you be not fuddenly in- 
tercepted by it yourfelf, and overwhelmed before you know where you 
are. To prevent thefe Self-dangerous Inconveniencies, you fhall cruft 
your Baill over with common Gun-powder uninfected, and then coat it 
over with Tow: Or elfe putting thefe poifonous Compofitions into Bags, 
as is done in the Cafe of Fire-Balls, you fhall fill the Fuzes of them with 
a common Slow Compofition. | | 

The reft I fhall leave to the Difcretion and Diligence of the expert 
Pyrobolift ; and to fay the Truth, none of us ftand in need of Inftruction 
in Mifchief; for we naturally have a ftrong Propenfion to it, and are 
commonly induftrious in the Perpetration of it. I fhall now clofe up 
this Chapter with conjuring you, never to apply thefe Balls after fuch a 
manner as to need Repentance after it, or in any re{pect to wound your 
own Confcience ; always keeping in Mind, that the Love of our Neigh- 
bour is infeparable from the Love of God ; and that we have a righteous 
Judge who wants no Witnefs to our A&tions, and who will moft cer- 
tainly deal with us according to the Evil of our Ways. 


CHAP. XII. 
Of STINK-BALLS. 


i Rte Stink-Balls feem to be pretty nearly related to the Balls we 
have juft now treated of; but the Ufe of them is much more law- 
ful, and much lefs pernicious ; for thefe only moleft the Enemy by their 
Featid Vapours, wrap them up in artificial Mift; offend both the Nofe 
and Head, by their extraordinary Naufeoufnefs ; and pain the Eyes by 
the Sharpnefs of their Smoke, without any immediate Infection. They 
are in the main prepared juft like other Artificial Balls, and therefore I 
fhall give you the Conftruction of them in few Words. Take 10 Ib of 
common Ship Pitch; 6 tbof Tar; 20 tb of Saltpeter ; 8 tb of Sulphur ; 
4. Ib of Colophone. Melt all thefe over a flow Fire in an Earthen Pot : 
And being melted, throw into them 2 Ib of Coal, 6 Ib of the Rafpings 
or Parings of Hor/é’s or Mule’s Hoof; 3 tb of Affa Fetida ; one Ib of 
Sagapenum, which the Latins call Sacopenium Putidum; and |b {s of 
Spatula Fatida, or flinking Gladwin: Incorporate all the above Ingre- 
dients well together; and add to them as much Flax or Hemp as is fuffi- 
4 cient 
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cient to abforb them: Then whilft the Tow is warm, make it into Balls ; 
in fine, you fhall obferve the very fame Order with thefe, as we have 
in general directed for Light-Balls, Smoke-Balls, and Potfoned Balls. 


COROLLARY. 


What Man is there who knows not that the Air we breathe may be 
dangeroufly tainted ; and that contagious Diftempers are commonly ge- 
nerated by the Corruption of that Element? Thus a befieged Place be- 
ing no other than a Theatre of all the Evils Mankind can be afflicted 
by; it is amongft other Inconveniences fubject to peftilential Vapours, 
arifing from the ftinking Effevia of Carrion, the Putrefaction of rot- 
ton Carkaffes, and other Filths which they cannot remove out of the 
Town. I fhall not here undertake a Rehearfal of the many Examples 
of Sieges, in which the Befieged have been more abundantly cut off by 
Peftilence than by Steel or by Fire: But to come to the Point in: hand, 
T fay, that the corrupted Air of Befieged Places may not only proceed 
from Natural Caufes, but may alfo be introduced by the Artifices of 
the Befiegers. The putrid Stinks within are thofe of the unfavoury 
rotten Breaths of the Fami/hed and Over-fatigued, the corrupted Bodies 
of the S/ain; Dunghills, and many other Things from whence un 
wholefome Vapours are exhaled. Now the Befiegers may: add to the 
Natural Infection of the Town, or even originally caufe it by means 
of feveral Sorts of Poifoned Infectious Balls; or. by throwing, with 
the Ancient Machines (if. you will admit them again into Service) the 
Putrid Carkaffes of Soldiers, or any fort of Carrion; together with 
great Tubs full of the Emptyings of Privies, and the like, which may be 
toffed into the Befieged Place. Hiftory will inform you of many fuch 
like Praétices amongft the Ancient Romans, and. the other Warlike 


Nations of their Time: But not to look fo far backwards, we havea 


very modern Inftance of this in the Chronicles of the City of Liege, 
where we met with this Remark (viz.). The Liegois :vigoroufly affaulted 
the Caftle of Argenteal, throwing great Stones into it with Balifte, to- 
gether with Earthen Veffels full of melted Metal, eae Iron, and Ex- 
crements in abundance. : 


From hence we may draw thefe Conclufions: Firf, that i Air of 


a Town may be terribly infected; and corrupted to. that degree as to 


oblige the Befieged to a more fpeedy Surrender, or at leaft urge them. 
toa Parly fooner than they defigned. 

' Secondly (which is well.worth our Obfervation) That by the Help of 
the Antique Machines,. you may not only fling the Dead Carkaffes of 
Men and Horfes, together with large Veffels full of Fiery, Flaming, 


or Scalding Matter; but alfo ponderous round Stones, vaft Splinters of . 


Rocks, and other Bodies of immenfe Weight. Amongft the many 
Feftimonies which might be brought to corroborate this Fact, I fhall 
give you only one, which I have taken from Paul. Emii. in his Hiftory 


Gegeg of 
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| Of che Srege of + Prolemats in Paleftine by Philip King of Fruece and 


Henry King of England (namely) they broke in the Roofs of the Houjés 
with great Stones, foot from their { ‘Tollenons, whiw arre tle Bene of 
the Inhabitants. | 


Sthus alfo mentions them in L768. I. 


Phocais effundit vaftos Baiifta Molares, 
Atque eadem ingentis mutato pondere telt 
Ferratam excutiens ornum media agmina rupit. 


In Englifh: 


Then from contratted Strings, 
Stones of vaft Bulk the Phoceax Engine flings, 
_ Or changing Weight whole Trees with Iron bourd, 
Ejeéts, that bfeaking through, the Ranks confound. Rof. 


Judge now of their Weight by their ftrange and frightful Execution. 
We moreover find in the unals of Sparr (according to Lrp/ixs) a Sto- 
ry of a Young Man called Pelagius, who wasa Perfon of great Mo- 
defty, and being earneftly follicited by a Beaftly King to commit that 
Crime with him which will not bear to be named, he accidenrally ftruck 
him whilft the Brute was carefling him; upon which the Infamous 
Monfter of a Prince ordered him to be put upon a Baia, and thrown 
over the River Befys acrofs the Rocks. But I fhall {peak more at 
large of this in its proper Place; where (as I have faid before) I thall 
give you the Figures of the Ancient Machines with all the Accuracy 
the Remarks I have made upon the Accounts given of them could 
fuggeft to me; in which I have gone fo far as even to make Mo- 
dels of them with my own Hands, to try their Effects, and to fee 
whether Authors have had a due regard to Truth in what they have 
related of them. I only mention them here, to.remind you that the Be- 
fieged may expeditioufly and conveniently gall the Enemy, with putrified 
Carkafies and an infinite Number of Veffels of all Sorts of Figure filled 
with Venomous or Smoky Compofitions, and all other Pyroboitcal Pro- 
jectiles, which we fhall touch upon in the following Bock, and parti- 
cularly fuch as are ordinarily ufed in the Defence of Places. Lee 
Men of Senfe and found Judgment confider a little upon thefe 
Things; and if they can convince me that I am out of the Way, after 
all I have faid and quoted upon this Head; I fhall readily fubmit to their 
reafonable Demonftrations: But as I apprehend myfelf to be in no 
danger of fuch Conviction, I fhall to the lateft Hour of my Breath 
regret the Inactive State of fome of the Axtigue Machines. — 


{ This Town is now called St. John D'cre. + Thefewere the fame with Ralifi«. 


CHAP. 
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CHAP. XIII 
Of a Ball, which Fire-Workers cal! 2 Death’s Head, 


‘Ake a perfectly round Ball, of fron or any ocher Metal, of fuch Fig. 156. 
Diameter as conveniently to fit the Calibre of the Piece of Ord- 

_ Rafice you intend to ufe. The Body of & mutt be hollowed out Cylin- 

drically, which it may be to che Depth of § and che Breath of ¢ of its Di- 

ameter; The Sides of it fall dikewile be bored in several Places, all which 

Borings fhall tend towards the Hollow Cylinder in the Middle, but Yhail 

not center in it quite, and fhall only correfpond with it by fine Holes or 

Fuzee. Thee litle Fozes fhall be filled with fme Wea! Power; and 

the large Cavities fhall be filled with Corn Powder and Leaden Shot, 

and Wadded well with Paper or Yow. 

The great Hollow in the Middle fhall be filled with Meal Powder, 
to which {hall be added 4 of Coal, and Daall be (prinkled over with 
Brandy or Oil of Petrol; or elfe it may be filled with one of the Com- 
potions I have given for the Fuaes of Gremedo’s. In (hort, che whole 
{hall be coated wich a Tarred Cloth, leaving only the Vent of it oper. 
When you Fire this Be you hall tect the Orifice of ic reft iannedizecty 
upon the Powder in the Piece, without thre _—— of eny — 
between them: See Fig. 156. | 
— Oblerve hete that thefe Bail may be made of. Weed elf; but in this 
Cafe you muft chruft fuch Crecters as you fee in D, Pig. 151, aneo all Fig. 151. 
the Cavities but chat in the Middle; ia a word, it thall be eciaforoéd 
wich an Iron Bandage, to prevent its. breaking © eae at Abt time of 
its Projection, aad fo ~~ of no Efe, 


CHAP XIV. 
Of a Ball commonly called the Pyrobolift’s Valet or 
Attendant. 


he E Ball which you fee reprefented under Fig. 157, has got the Fig. ry, 
Name of the Fire=worker's Servant, ftom its conftant readinefs to 
do Service, in which ie differs from all the reft. Now this gentle Ser- 
vant is very fimple in Natufe, and eafily governed and conftruéted. 
You need only take a Wooden Cylinder whofe Diameter is equal to the 
Catibre of your Piece of Ordnance: Its whole Height hall be 3 of its 
Diameter, and one End of it fhall terminate in a Multilateral Pyra- 

mid} 
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mid; which Pyramidical Part of it fhall be another Diameter. 
The Sides of it then fhall be bored all round with Holes of the Dia- 
meter of two Fingers Breadth, each of which fhall correfpond with 
that in the Middle of ‘it. Into thefe Holes you thall thruft fuch Crack- 
ers as we juft now mentioned (fuppofing it to be made of Wood.) The 


Cavity in the Middle fhall be filled as we directed above for the Prece- 


Fig. tg1. 


ding Baill. Its Point fhall be armed with Steel, that it may ftick faft 
into any thing it falls upon or ftrikes againft. Farthermore, it thall be 
reinforced with three Iron Rings, (viz.) one round the Top of it, one 
round the Middle, and a third round the Foot of its Fyramid; By this 
means it will be able to withftand the Shock of the Flafh: As to any 


thing farther relating to this, it muft be ordered juft like the Preceding 
Ball, ; : | 


CHAP. Xv. 
Of the Pyrotechnic Manipulus or Bundle. 


T often happens that you are fo fuddenly furprized and reduced to 
+ fuch Extremities, that you have not time to prepare thefe Artificial 
Balls in due Form: And in fuch Exigents this Manipulus may be recur- 
red to, which is no other than a Bundle of Iron or Copper Crackers of 
the fame you fee reprefented Numb. 151, under the Letters F, G, and 
I; (no matter whether they be Triple, Double, or Single) they muft be 
charged with Corn Powder and Leaden Balls, and bound firmly toge- 
ther with Wyre or Cat-gut, fo that they may not be torn afunder by 
the Violence of the Flath of the Gun, but remain collected in a Body, 
and perform their Effects together. They fhall be primed with one 
of the flow Compofitions we formerly gave. In fhort, thefe Bundles may 
be of various Sizes, according to the Calibres of the Mortars or Guns 
they are to be projected from: They thall be put naked into the Piece, 
and reft immediately upon the Powder in it. 


CHAP, 
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CHAP. XVI. 


Of certain Pyrotechnic Balls which may be privately hid, 
and Jo ordered as to perform ther Effedls at certain Pre- 
fixed Periods of Teme. 


WE have. elfewhere acquainted you that the Old German Captains 
detefted the Ufe of clandeftine Fires, and banifhed them from 
their Artsof War, as unjuft and ungenerous Inventions, and according- 
ly forbad their Pyroboli/s and Fire-Workers to prepare any of them : But 
notwithftanding this laudable Injunction, we find in Hifory that thefe 
Fires were put in Execution even when ¢hat and feveral others of the 
fame Tendency were in their Prime, and full Force: In our Age indeed 
it feems as if thefe and feveral other old Inventions muft make their 
Exit, and give Place to new ones formerly unknown; and accordingly 
thefe Balls are upon the Point of Expiration ; fo that were they not-te- 
corded in our Writings, the very Remembrance of them would be blot- 
ted out in a very few Years more.’ Now fince our Forefathers found 
them of Ufe in their Days, (however unfair they might deem them ) 
‘why fhould they not be of fome Service to us as well as to them? A 
good Head and a little Diligence, would turn them to fome Account at 
proper Times and Places. I find feveral ways of conftructing them both 
as to Form and Size, according to the Exigence or Nature of the Affairs 
we would employ them in: For thofe which are to be hid in Houfes, 
Clofets, Barns, &c. muft be of one fort; thofe which are lodged in Pow- 
der Magazines and Ar/enals into which we have free Accefs muft be of 
another kind; and thofe which are conveyed into Waggons, Trunks, 
Casks, or any Baggage which is going into the Enemy’s Forts and Garri- 
fons muft be of a Third Species. I fhall only give an Example of them 
in three Balls of different Sorts; the Firft of which, diftinguifhed by  . 
the Letter A, in Figure 159, bears an exact Refemblance to a common Fig. 159. 
Fire-Ball; and does not feem to differ from it in any particular except- 
ing its Match, which is wound round it (provided it is upon any Plane) 
in Spiral Folds. ‘This Match mutt be of that fort which neither {mokes 
nor yields an offenfive Scent, the Preparation of which we taught you in 
Book Il. Chap. XXVIT. One of the Ends of this Matcé is ftuck into the 
Vent of the Ball, and the other which is lighted ‘is coiled round it, fo as 
to have its Revolutions at @ convenient Diftance from each other, that 
it may burn gradually out from one End to the other, without catching 
Fire in more Parts than one. The Length of it muft be proportioned 
to the Time you defign it fhould burn, or to the Period you prefix for 
| Hhhh the 
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the Combuftion of your Bal]: There will be no Difficulty in doing this, 
if you know exactly what Length of your Match will be confumed eve-' 
ry Quarter of an Hour: Thus if you propofe that your Ball fhould 
perform its Effect in two Hours after it is hid, and you are affured that 
about half a Foot of Match confumes every Quarter of an Hour, you 
may readily conclude that in this Cafe you muft allow 4 Foot of Match. 

The other Ball, diftinguifhed by B, is commonly made of Wood 
{though it may be made of Iron or Brafs lite a common Grenado, but 
then it muft be filled with Corn Powder only, for Reafons above given.) 
It muft have a Serpentine or Spiral Fluting or Channel wrought in its 
Convexity from the Bottom to the Top, in which Fluting or Hollow 
you muft glue your Match from one End to the other of it, as may be 
feen inC. This Sort is much better contrived than the Firft, becaufe 
the Match is as it were a conftituent Part of the Ba//, and does not take 
up fo much room as the former. 

In fhort, the Third Bal] (D) of this Kind has nothing extraordinary 
in its Conftruction. It has only a Stick in its Vent, round which is 
twifted a Snake of Match, which muft be of due Length (as I obferved 
before) and firmly glued to the faid Stick, that it may not unfold itfelf in 
burning. — 

Thefe Balls fhould be filled with very ftrong Compofitions, and fuch as 
are very pregnant of Fire; as for Example, fuch as was anciently the 
Grecian Fire, the Compofition of which I have given you from Scaliger 
in our Chapter of Fire-Rain. Now this Mixture will be fufficiently 
violent, as well becaufe of the Igneous Ingredients it is compounded of, 
as on the fcore of the particular Manner of its Preparation; for Expe- 
rience evinces that a Dung-heat has a wonderful Power of transforming, 
and as it were vivifying whatever is buried under it; in which it imi- 
tates Natural Heat: That Geatal Mother who works fuch Wonders, and 
has referved to herfelf a Power of putrifying, which is altogether fur- 
prizing! For we find that the Animals generated from Putrifaction, are 
as various as the feveral Things that are putrified. Whoever re- 
flects upon this, and confiders it attentively, may turn it to very good 
Advantage. Upon this Account, I think that fuch a Compoftion would 
be preferable to all thofe which only have their Ingredients mixed up 
together without any farther Preparation; though I muft here make an 
Exception with regard to Gun-powder, which being beaten and pounded 
for a confiderable time, becomes extreamly vehement (as I have elfe- 
where obferved) and is transformed into a perfectly Light and Volatile 
Subftance. 

Brechtelus in Book YW. and Chap. Il. of his Artillery, gives us the fol- 
lowing Compofition for the Ufe of thefe Balls. Take 3 1b of Powder, 
and one tb of Sulphur; reduce them to a very fine impalpable Meal, and 
incorporate them well together: Then add to them a little Co/ophone, 
and fome Drops of Lurpentine ; and knead them all up in a Dough or 

Paite 
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Pafte with Linfeed Oil and Brandy: Thus the whole being perfectly in- 
corporated, fill your Ba// with it. However I think it will be better to 
ufe fomething of the Nature of the Grecian Compojfitions ; becaufe our 
clandeftine Fire is nearly related in its Effects and Operations to the 
forefaid Fire; as we are informed by feveral creditable Authors: As to 
the Ingredients, I do not apprehend that they can be wanting to you, 
either on the Score of their Scarcity or Price. Remember that inftead of 
Match, you may ufe fome of that Pyrotechnic Slew Tow, which Brech- 
telius mentions in Part I]. Chap. U1. of his Artillery, and which we have 
given you in our Second Book. 


CHAP. XVIL. 
Of RED-HOT BALLS. 


HE Prmitice of fhooting Red-bot Iron, is far from being of mo- 
dern Date ; for long before the Invention of our Artillery, it was 

the Cuftom of the Ancients to defend themfelves with Red-bot Iron, as 
is ceftified by Diodorus Siculus, who faith: That the Tyrians threw great 
Bodies of Red-hot Iron into the Works of Alexander the Great. An un- 
certain Author alfo {peaks to this Effet in Suidas: They threw from 
Eminencies whatever was Ligud or Fujfible, foalding hot upon the Enemy. 
And among ft other Things Red-hot Pieces of Iron, which they kept rea- 
dy for thofe who attempted to fcale their Walls. ++ Vitruvius alfo {peak- 
ing of the People of the Town of Mar/feilles, faith, That they threw 
Bars of Red-hot Iron from Balifte to burn the Befegers Works, If you 
would be farther informed upon this Head, you may confult thofe Au- 
thors, whofe Teftimony we have all along recurred to. But to dwell 
much upon the great Requeft. Red-hbot Bails have been in fince the In- 
vention of Gun-powder, or to recount the Havoc they have made, or 
to relate their frightful Executions in the feveral Occurrences of War, 
would be giving of myfelf a needlefs Trouble; fince none can be 
Strangers to this matter, but thofe who have never borne Arms, or never 
dealt in Hiffory, which does furnifh us with many Examples of this kind: 
Amongit which { Emanuel de Meteren in his Hiftory of the Low-Coun- 
tries, relates the following Inftance to have happened at Rhinburgh 
when it was befieged by the Admiral of Arragon in che Year 1598, (viz.) 
d Red-bot Ball (it mutt have been Red-bot though he does not exprefly 
fay fo) being foot from the Befiegers Batteries againft a Tower wheré 
the Befeged kept their Gun-powder, t¢ went through theWall of it which 
was but a Brick thick, and fell into a Barrel of Powder; which imme- 


{ Vieruv. Lib. X, Ca>. XKIT, | + Em. de Met. Lib, XX, ? 
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diately taking Fire accended all the reft, which were to the Number of 150; 
upon which enfued fuch a prodigious Clap, and fuch a general Conflagra- 
tion, that it not only blew up the Tower it was kept in, but fet Fire to the 
moft lofty Houfes in the Town, and fhattered thofe in the Neighbourhood of 
it in pieces; threw down a great Part of the Town-Wall, and what is fill 
worfe, the moft confiderable Part of the Soldiers and Inhabitants, together 
with the Governor, were buried under Ruins; in fhort, there was hardly 
any Body in the Town efcaped without being fo miferably difabled, as to be 
unfit ever to bear Arms again, or incapacitated to work at their Trades. 

Paulus Piafecius Bifhop of Premiflaw, who wrote our Annals, has the 
following Narration. From thence marching his Troops (he {peaks of the 
Admiral of Arragon) towards the Rhine, he befered Rhinburgh @ Place 
belonging to the Archbifbop of Cologne, which had been formerly in Poffe/- 
fion of the Spaniards ;, but during the time that the Arch-Duke Albert was 
an France, it was reduced by the Hollanders, who afterwards kept a ftrong 
Garrifon in it. The Befieged at firft made a brave Refiftance; but a Can- 
non Ball being accidentally fhot into a Powder-Magazine there enfued « 
general Confldagration and Ruin; it made a great Breach in the Towr 
Wall, upon which the Befieged were obliged ta Capitulate, who being al- 
lowed good Quarter, and permitted to march out with their Baggage, they 
evacuated the Town. But -- Diegus Ufanus gives us a Relation almoft 
as Tragical as this, to which he adds an odd Accident that befel a Dutch 
Ship which was going into Offend with a Lading of Gun-fowder ; (name- 
ly} that fhe was blown up by means of a Cannon’ Ball: This Author is 
of Opinion, that thefe two Cafualties were not owing to what we ap- 
prehend, but that the Bal// accidentally ftruck againft fome Stone, 
Piece of Iron, or fome other hard Subftance, and fent forth abundance 
of Sparks, which were the Caufe of thefe melancholy Accenfions. But 
I am rather inclined to believe (in which Emanuel de Meteren feems ta 
agree with me) that it was fome Red-hot Ball which was fhot with De- 
fign to perform fuch an Effect; for it is not to be imagined that becaufe 
a Ball has pierced through a fingle Brick Wall, or a Ship’s Plank, or 
{truck upon the Head of fome Nail, that it can ftrike fuch a Fire as to 

be able to penetrate through a Powder Barrel: No; :it is more probable 

that fome Deferter going over to the Enemy, had informed them where 

fuch and fuch Powder was lodged, or what the Ship was laden with, 

and that thereupon they took the proper Meafures to blow up the Gun- 

powder which is moft ufually done by Red-hot Balls; for there is no 

kind of Ball (though our Art has invented many) which is fo conve- 

nient for conveying Fire and Deftruction as thefe; for they at once per- 

form the Office of a Cannon-Bail and of a Fire-Ball; add to which, 


that it cannot be perceived during the time of their Projection, whether 
they be Red-hot or not. 


7 Di. Ufa, Treat. I, of his Artillery, Dialogue XII. 
2 Here 
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Here we might repeat what we formerly quoted from Lip/fus, con- 
cerning the Fire-Balls which are commonly fhot from Cannon ; for I 
am of his Mind when he thinks that Red-hot Balls might be as effectual- 
ly ferviceable as Fire-Balls; and I conceive that what fo grave and fa- 
mous a Perfon faith ought to have its due Weight with us. Now to 
fhew that this Opinion of his is not ill-grounded, our Hiftorians who 
have recorded the mighty Exploits of our glorious Kings have made no 
Diftin@tion between them; but have promifcuoufly ufed the Words 
Kule Ognifte, to fignify all thofe Balls which are contrived to burn Edi- 
fices, Intrenchments, Palifades, and other Wooden Defences of War, 
which anfwer to the Latin Expreffion Globus Igneus, vel Ignitus, or a 
Fire-Ball; this (though improperly enough) is applied to Red-hot Balls: 
Moreover, the Signification of the Latin Words Igneus, Ignitus, and Can- 
dens, is Synonymous, and they are indifferently ufed to exprefs one and 
the fame Thing. 

_ Ido not think it worth while to wafte more Time in perfuading you 

that Red-hot Balls are very ufeful and ferviceable upon Warlike Occa- 
fions, that being a Point which has been indifputably demonftrated by 
many Authors before me ; I therefore have nothing more to do than to 
tell you what is obferved in fhooting them. 

Firft you muft charge your Guz with the ufual Requifite of Powder, 
and: ram it down with a Wooden Tompion that exactly fits the Chafe of 
the Piece, the Thicknefs of which fhall be equal to, or not much lefs 
than the Diameter of the Ba//; and for the more Security, you fhall 
add to it a Wadd of Hay, Straw, or Tow, or (what will be much bet- 
ter) of the Sinews of Animals fpread out like Tow, and previoutly moi- 
ftened. This done, you muft carefully fpunge the Infide of the Piece 
for fear any Grains of Powder fhould be accidentally fcattered in it; 
and then, point or level your Guz at the Place you defign your Ball 
for, according to Art; and let it remain in that Pofition till you put in 
the Ball, which fhall be perfectly round, and run freely down the 
Chafe: You may take hold of it with Iron Tongs or Pincers, from the 
Forge, which mutt not be far from the Battery : As foon as you think 
that it is flipt down upon the Wad, fire off your Piece. 

There are thofe who drive Boxes made of Iron or Copper Plates into 
the Gun; and others who ufe Clay, and then ram the Ball as faft as 
they can towards the Powder, with a Rammer armed at the End with a 
Copper Plate ; but the Firft Way I have here mentioned i is by much the 
fafeft, and leaft fubject to Danger. 


Tiii | CHAP. 
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CHAP. XVIII. 


Of Pyrotechnic Hail, dy which are meant Cafe Shot, or Car- 


touch Shot, Partridge Shot and Grape Shor. 


W HAT Pyrobolifts mean by Pyrotechnic Hail, is a Patcel of litthe 
Hard Bodies, which being projected perform an Effect after 
the ‘manner of Natural Hail; but it is fomewhat more Hard and Pe- 
tilous; our Artificial Hail being moftly of coarfe Gravel, River 
‘Pebbles, or any Stones of the bignefs of a Pigeon’s Egg, and forne+ 
times of Leaden Balls or Slugs, or little Bits of Iron, and all fuch like 
Things. 
This Hail is ufually fhot at the Enemy, with our Mortars or Hobdsss, 
and other Freld Pieces. 
- This Shot is varioufly ordered ; for fometimes it is fhut up in Wooden 


Fig. 160.Ca/es or Cartouches, as you fee in Fig. 160, under the Letters A and B; 


and fometimes in Copper or Iron Boxes, as you fee in D and E; finally, 
you muft run Pitch into the Interftices of it, tokeep the Bullets, Stones, 
or whatever elfe it is compofed of, together. 

The Length of ‘the Cafe or Cartouch fhall be 1 4 or 2 Diameters at 
moft of the Chafe of the Gun or Prece it is to be projected from; and 
the Bottom of ‘it fhall be half a Diameter in Thicknefs, the Lid or Co- 
ver ;, and the Sides + only. I here fpeak of Wooden Cafes; for thofe 
which are made of Metal, muft be quite different from the abovemen- 
tioned in every refpect but their Length. 

There are thofe who do not take fo much Trouble with this kind of 
Shot : They firit load the Prece with Powder as ufual, and ram it down 
with a Wooden Tompion ; upon which they pour in Partridge (as this 
Shot is fometimes called) to the Height of an Iron Bullet of the fame 
Calibre with the Piece, and add a common Wadd upon it. 

‘Others put it into ftrong Canvafs Bags. I have reprefented one Sort 
to you in the Figures G and H, which is very pretty, and in the Form 
of a Bunch of:Grapes: The ordering of this is very eafy. In Letter 
F you have a Wooden Tompion with a perpendicular Rod ftuck into 
the Center of it. The Bottom of the Bag muit be fewed up pretty 


ftrongly, and then filled with Leaden Bullets of 2, 3, or 4 Ounces. You 


muft then faften your Bag at Top, and pafs Marline over all the Inter- 
{tices of the Balls; in fuch Form that the Circumvolutions of it crof 
fing one another, it may look like a Net. This done; dip the whole 
into Pitch. 

3 Again ; 
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‘Apain:; ‘there is 2 Way ‘(which ‘is ‘none of the moft defpicable) of 
waking ‘it into Balls, ‘as ‘may tbe obferved ‘in the Letter ‘C, which is 
‘dont thus. 

Take of Pétch 4. Parts, of Colophone one Part, of Wax ‘ore ‘Part, of 
Sulphur two Parts, and a ticle Lumpentine : Melt thefe over-a flow Fire, 


and being melted, throw ‘into ‘them 8 Parts of Quick-Lime ; 4 Parts of . 


Power 'of Tiles; and one Part of the Filings of Iron or Hammer-fcales. 
Encorporate all thefe Ingredients well together : ‘Which done, add ‘to 
therh as'many Pebbles or Mu/quet-Balls as are needful. “Whilft this Com- 
poftion is cooling, make it up in Balls, that may exactly fit the ‘Gun ‘or 
Mortar you intend to ufe. 

There are thofe who make this Shot into Balls with Plafer, or Pow- 
der of Alabafter : But I thall refer you to Stone-cutters and Statuaries to 
inform you, how you are to manage thefe Materials. Others again, 
make it into Balls with Dirt or Clay, which they fet to‘dry in the Sun 
and Wind. 

This Shot or Hail (as we have called it) is particularly ufeful in Open 
Pitched Battles; or when the Befiegers are refolved upon a Storm ; or 
endeavour to poffefs themfelves of an opened Gate; or mount a Breach; 
- it is then that the Cannon and Mortars play this Shot in cand to 
introduce Death and Confufion among the Affailants. 

The Requifite of Powder for projecting thefe, muft-be the fame as 1s 
ordinarily allowed for a common Bullet. 


CHAP. XIX. 
(Of several Sorts of Chain and Bat-Shot, &c. 


I Here prefent you with Figures of feveral Sorts of Chain and Bar- 
Shot, and fome other dangerous Weapons of a like Nature; which 
are moft commonly ufed in Sea-Fights to difable the Enemy’s Ships, by 
cutting their Rigging, Sails, Yards, Mafts, Rudders; and for deftroy- 
ing feveral other Parts of a Ship, the Names of which are known to 
Seamen only: And at the fame time they do Execution upon the Ship, 
they may deftroy the Ship’s Company. 


The feveral Kinds of this Shot may be eafily apprehended by the Fy- 
gures 161, 162, 163, 164, 165, 166, 167; 168 and 169. Fig. 170 Fig. 


$07 


161, 


reprefents a Box or Cafe into which the five Sorts of Chain-Shot (which 162, 163, 


you fee) are put when they are projected. That Trundle-Shot, which 


164, 165, 
166, 167, 


you fee in Figure 161, has its eure Box, which you fee reprefented ' 168, 169, 
beneath it, and diftinguifhed by A; the three others need no Addition ae 


to them when they are fired away. 
All 
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All thefe will do terrible Execution in Skirmifhes, Affaults, and pow- 
erful Incurfions of the Enemy, &c. In fhort, the two laft, in Figures 
168 and 169, will be ufeful in deftroying Palifado’s, Fraifes, Crow- 
Feet, Chevaux de Frifes, Herfes, Portcullices, Fafcines, and all kinds of 
Wooden Defences and Coverts. In fine, they will ferve to ruin, and 
overfet Baskets, Gabions, Batteries, Chandeleers, &c. - 

I apprehend that it will be unneceffary for me to inftrué& you in the 
particular Ufes of thefe Things, fince a little Practice and Study will in- 
form you more (® the Purpofe, than all the Rules and Dire¢tions I could 
lay down. 


e, ea 


OF THE 


GREAT ART 


ARTILLERY. 


PART the FIRST. 


BOOK V. 


Which treats of feveral Watlike Machines, fix’'d and move- 
able, Bodies of Fire, and other Pyrotechnic Arms, as 
well for War as Recreation. — | 


CHE DES < N this Book you will have a Colleétion of the princi- 
St I $5 we pal and moft artificial Inventions in all Pyrotechatcs, 

6.< one Part of which fhall be under the Denominati- 
on of Machines or Engines; the other, of Bodies of 
Fire; fome of Miffles or Prosediles, and Artificial 
Arms, not to mention the particular Denominations 
of each of them. We might indeed range them all 
under the general Title of Machines; the Signification of that Word 
(according to the Definition of A/contus) being applicable to all fuch 
Things wherein the conftituent Matter is not fo much confidered, as the Ar- 
tifice of the Invention, or the Skill of the Inventor: And we may fafely 
fay of the Productions of our rt in general, that they can boaft of the 
Fertile and Judicious Conceptions of their Inventors: From hence it is 
that the Latins called Architec?s and Engineers, Igeniarii or Ingeniofy, in 
which the French have imitated them, by calling all fuch Perfons Inge- 
nieurs ; (and the Engii/b have not much deviated from them, in calling 
them Engineers ;) but this is no Place for tracing up the Etymology of 
this Word to its Source. 
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Upon the whole, the Words Machine and Macbination are of very 
extenfive Import; for under them are couched all Frauds, under-hand 
Practices, Scratagems, Plots, Ambufcades Ge. from whence it is that 
Cicero che Prince of Orators fays, + lifdem Machinis foerant me reftitutum 
poffe labefactari, quibus antea fiantem perculerunt: ‘ They expect to fub- 
“ vert me by the help of the fame Machiaes, wherewith they threw me 
‘ down before from my Profperity;’ here you are to underftand the Word 
Machine w Gignify deceitful or malicious Efforts. Brutus alfo faith: + Om- 
nes adhibeo Macbinas ad tenendum Adolefcentem: ‘I \eave no Machine un- 


_ © worked to prevail upon that Young Man: ’ Meaning thereby, that he left 


no Means unpractifed to reftrain his turbulent unruly Spirit. Now I ap- 
prehend that I fhould have much more Reafon to apply this Word to fig- 
nify all our Pieces of Ordnance, whether Ancient or Modern, fuch as Can- 
non, Culverins, Chambered Peices, and other fuch like: Under this Deno- 
mination we might alfo range Mu/guets, Arquebuffes, or (as they were for- 
merly called) Murthering Pieces, and all other portable Fire-arms; as alfo 
Mortars and Petards, which bear a near affinity in Effe@ to the Ma- 
chines of the Ancients, fuch as their Rams, * Onagri, Balifia, Cata- 
pulte and Scorpiones, with which they beat down Walls, deftroyed the 
Enceints of Towns, and from whence they projected offenfive Weapons, 
But Lipfus (and feveral other Authors) has not honoured them with the 


~ Title of Machines, and only calls them by the general Word Tormen- 


tum, which is now ufed to fignify our Cannon and Pieces of Ordnance ; 
referving Machine for Battering Yowers, || Plute?, § Mufcuds, running or 
rowling Towers, 4 Sambuca, Tollenones, and all forts of Scaling Enginesor 
Afcents, and all thofe Things, under which were fixed the Tormen- 
ta beforementioned, and under which they covered their Soldiers 
when they attacked a Fortrefs or fcaled a Wall. In truth, he was in the 
right to make fuch a DiftinGtion between them, fince their F unctions and 
Offices were fo different: Juft as here we ufe this Word Machine to 
fignify only, certain Artificial Inventions or complicated Heaps of Ar- 
tificial Fireworks, fuch as Palaces, Triumphal Arches, and other E- 
difices adorned according to the Rules of Crvil Architecture, Cafiles, 
Towers, Columns, Pyramids, Obelisks, Coloffujes, Medallions, feveral 
forts of Human Statues, and the Reprefentations of feveral Animals, 
together with Fountains, Terreftrial and Aquatick Fire-Wheels, with 
feveral other Things of this kind, which we {hall treat of in their pro- 
per Places; all which wehave called Machines, not fo much on the 
{core of their Forms (which are vaftly various) as on account of their 
Effects, with regatd to which they not only walk hand in hand with 
the Machines abovementioned, but likewife exceed them very confidera- 
bly. We might indeed have taken in all manner of Pieces of Ord- 
a 


} Tull. Cicero proDom. 17. ¢ Brur, Epift. XVIII. * Thefe were Engines for 
Shooting of Stones. || Thefe were a kind of moveable Pent-houfes or Galleries. 
§ Thefe were much the fame with qur Galleries. 4 Thele were for {caling of Wails, 


nance 
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nance under the general Title of Cannon; but béecaule they vary fo 
much from each other in Form, Effect, and Property, as well a in 
bandling ; and fince the particular Conftruction ard Ule of each of them 
require a felect Treatife apart, in order to inculcate a proper Idea of 
them into the Reader; they fhall each have a particular Chapter to 
themfelvés in the Second Part of our Artillery. Now to illuftraté 
that the Word Machine would be no improper Term for our Ufe, 
I thall firft recur to the Teftimony of Mojés, where he faich, + Only 
the trees which thou knoweft that they be not trees for meat, thon foalt de- 
troy and cut them down, and thou fhalt build Machines againft the City 
that maketh War with Thee until it be fubdued. And in the fecond Book of 
Chronicles, where mention is made of King Uzziab: { And he made in 
Jerufalem Machines invented by cunning Men to be on the Towers ard on 
the Bulwarks, to fooot Arrows and great Stones uithal. Again; that 
Iluftrionus Prince of Architects and great Enpineer Vitricvius, {till farcher 
confirms me in what I have been faying, by placing Balfe (from 
whence our modern Cannon are derived) in the Rank of Machines, gi- 
ving us their Order and Diftinétion to this effect: * A Machine 5 
the Affemblage or Conjunction of feveral Members, and calculated for re+ 


moving vaft and ponderous Bodies; Ihe Motion of which is artificially con» 


trived by the Help of Wheels and other Circular Movements. The 
Scanforium or Scaling Mackine is of one Sort, the Spiritale or Pneu- 
matical Machine of another, and the Tractorium or Draught Machine 
of a Third Sort. The Scaling Sort is adapted for Perfons to climb up, by 
means of Crofs Pieces of Wood or Steps, without any danger, and to help 
in the overlooking of a Place. ThePneumatical Sort, by the Inflation of 


Wind or Air, expreffes Organnic Sounds, &c. And the Draught Sort is for - 


carrying, removing or raifing up great Weights or Burthens. The Scaling 


Machines do not fo much glory in their artful Contrivance, asin the Bold-. 


nefi of the Attempt, and are contpofed of Chainings, Iranfums, Bindings. 
Foints, Buttreffes and Props. The Wind Machines are capable of very 
notable Effects. But the Machine Trattorie or Draught Machines, aré 
the moft Noble of all, as they are more Magnificent, and with a fbare of Pru- 
dence applicable to mighty Ufes: The Aétion or Motion of fome of théfe is 
Mechanical, and of others Organnical. Between Machines and Organs 
there feems to be this Difference (namely) the Firft of: them require 
the help of many Hands or addstional Strength to affift them in the pera 
formance of their Effects: Such as the Balifte and the feveral forts of 
Prefles. nd the latter on the other band operate by the fight artful 
Touch of 4 finzle Perfon, as may be obférved in the Projections of the 
Scorpiostes and || Anifocycle; therefore are they both ufeful in different 


f Deurer. ¥¥, In thefe ewo ofl Paflages our Englify Verfion ufes the Word Engine. 
$+ Chr, Book HI, Chap. XXVI ver. xv. Viwuy. Lib, X. Cap, I, 
[| This was an Engine compofed of a great Number of Wheels or Movements, 


Refpects 
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Refpeéts and Occurrences, and without them we fhould be oftentimes em- 
barraffed in the carrying on of Works. | 
From hence there may be thofe who will objeét againft me, and 
fay, that our Cannons, Mortars, Petards, &c. might. be more pro- 
perly called Organs than Machines, and that they particularly ought to 
be called fo (according to the Definition above from Vitruvius) becaufe 
the greateft Part of them may be managed and governed by one Per- 
fon. But to this I reply; that the Word Organ cannot for that 
Reafon obtain with regard to the Greater Pieces, fuch as fome of 
the larger Cannon and Mortars, which cannot be loaded and play- 
ed by one Gunner, or laid to pafs by one Pyrodolift; but require the © 
Work of many Hands ; add to this, that they not only require to be 
tended by a Number of Men; _ but it is alfo neceflary to have 
Horfes to move and tranfport them from Place to Place: But I muft | 
confefs that Mufquets, Piftols, and other Portable Arms might not | 
improperly be called Organs, as well as the Scorpiones, Bows, and 
Crofs-Bows of the Ancients: However, if this will not fatisfy you, 
e’en call them Machines, as we have called our Cannon, and as the ce- 
lebrated Erscius Puteanus has called them in his little Book of the 
Treble-Barrelled Gun invented by Mic. Flor. Langrenus, where he 
faith: 4¢ length, though late, the Firelock, that Machine of Ma- | 
chines, was invented, and was firft ufed by the Danes. (And a little low- | 
er) Now fince this Machine ts contrived to carry three Bullets, very 
conveniently and in very little Room, &c. And a little lower he does 
not even fcruple to call Piftols Machines. This anfwers very much to 
our Purpofe ; but let us refume our Subject. Comprehending then all the 
Warlike Inftruments above recited under the geheral Denomination 
of Machines, we will under the Title of Bodies of Fire take in the 
feveral Pyrotechnic Tubes or Cafes as well Recreative as Warlike, 
Cylinders, Stocks, Barrels, Sacks, Baskets, to which we will add 
Crowns, Garlands, Fire-Hoops, Staves, Cups, and all other Arti- 
ficial Fire-Works of that Kind. Under the Title of Miffles (by 
which are meant Projectiles) we will range Fire-Darts, Arrows and 
Javelins, Fire-Pots and Flasks: Under this Head we might alfo 
difpofe of our Recreative and Military Globes, all which we have 
amply treated of in the Preceding Books; but each of them be- 
ing already diftinguithed by particular Appellations, they feem to be 
excluded from this Lift: And indeed they bear little or no Refem- 
blance to thefe in Point of Form, though they may with as much 
Propriety as thefe be ftyled Projectiles, from their being either thrown 
or thot. In fine, under the Title of Artificial Pyrotechnic Arms 
we comprehend Targets, Shields, Swords, Poles, Clubs, and Lances, 
And upon the whole, as thefe Things are partly Recreative and part- 
ly Warlike, we will divide this Book into two Parts; the Firft of which 
Shall treat of the Former, and the Second fhall inftruct you in the Latter. 
| PART 
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PART L of ths BOOK. 


Which TREATs of | OO 
RECREATIVE MACHINES, 


Maffes or Bodies Fix'd and Projectile, and 
Arms Artificial and Pyrotechnical. 


CHAP. I. 
Of Artificial Shields avd Bucklers. 
S O RT IL | 

ise Ae! AWAKE two Fir or Limie-Tree Boards well dried and planed ; ; Fig. 191. 
3 «S$ of the Thicknefs of a Finger or thereabouts ; and get them | 
| made Round by a Joyner, if you cannot do it yourfelf. They 

7 we may be 3 Foot in Diameter, but that is left to the Diferetion 
of the Workman. Upon each of thefe Round Boards trace out a Spiral 
Line, beginning from the Center of each of them, and continue. it 
within an Inch of the exterior Circumference of them: The Revolu- 
tions of thefe Spirals muft be Parallel or Zquidiftant from each other, 
and their Diftance may be 3 or 4 Inches or Fingers. Along thefe Lines, 
you muft cut out a Groove of equal Breadth and Depth throughout, 
with an hollow Chiffel (I fhewed you fome fuch in Book III.) or fome 
{uch Tool, fo that thefe Grooves may either bear the Form of a Con- 
cave Semi-Cylinder, or of a Parallelopiped. The hollow Channels or 
Grooves when they are narroweft fhall be always 6 Lines, and when 
broadeft one Inch. Thefe Spiral Cavities muft be wrought upon each 
Board with fuch Exa¢tnefs and Nicety, that when you come to join 
them together the outward Extremities of each may exactly meet and 


inhi ‘ane with one another, in fuch manner that from their Meeting or 
Lill Ter- 
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Termination they may mutually involve together, and form a Spiral | 
Hollow Cylinder; and therefore if you would have them anf{wer cu- 
rioufly in this particular, you muft fo order it that the Spiral Lines 
you firft draw upon the aforementioned Boards, may be exactly in the | 
middle of the Channels or Grooves which you cut out, or fink into | 
them. This done, you fhall fill the abovefaid hollow Spiral Cylinder 
with Quick Match \oofely twifted, or with a flow Compoftion {prinkled 
over with a Gum Water, that it may ftick together and adhere the bet- | 
ter; to the end that when yoti come to join your Boards, the Compofi- : 
tion may not fall out of your Spiral Cavities, and by that means wafte 
your Time and fruftrate your Labour. This done, nail them together, 
and to fecure them ftill the better, you may alfo glue them. After this, | 
you fhall trace out a Spiral Line upon the outward Surface of either of ! 
your Boards, (fo as exactly to correfpond with the interior Spiral) which 
muft be bored with fmall Holes, into which you muft thruft the Fuzes 
of futh Crackers as I gave you in Fig. 108 under the Letter B, which 
Crackers mutt be at the Diftance of two good Inches from one another, 
for fear when any one of them in particular goes off and burfts, it fhould 
fome how or other incommode thofe next to it: And therefore muft 
their. Fuzes be firmly glued in the Holes they run into, and themfelves 
be well glued to the Board, and re-inforced with thin Iron Plates on the 
Outfide, or with good Marline or Packthread to prevent them from fly- 
ing abroad. To the Inher Side of this Shreld (by which is meant that 
Side of it which is next to the Body) you fhall faften two Straps or 
Loops of Leather, or fomething of that Nature, that you may conve- 
niently handle your Buckler. In fhort, you muft pafte or glue a fingle 
Paper over all thefe Crackers, which muft be done fo artfully as to fwell 
out in a round Knob or Bofs, or elfe proje& in a Spike or Point towards 
the Middle, and by means of the Bofs or Spike bear the exa&t Refem- 
blance of areal Warlike Shield: And in order to difguife the whole the 
more effectually, you fhall paint it over of an Iron or Copper Colour, 
There now remains nothing farther to do in this Cafe, than to bore an 
Hole whereby to fire it, if fo it be that your Inward Cavity does not 
come out to the Edge of the Shield. When you would have the Plea- 
fure of feeing the Effects of this, {ec fire to the inclofed Matter without 
apprehending any Danger, and let the Perfon that holds it ftand firm 

_ at the Explofion of each of the Crackers, and not offer to throw away 
his Arms till the whole Procefs of its Operation is compleated. See 
Fig. 171. 


SORT IL 


Fig. 172. What we have ordered for the preceding Sort as to the Proportions 
of the Boards, the Form, Size, Spiral Lines and Cavities, the filling of 
them with Quick Match, the Faftening and Conglutination of the two 
cee 4 | | Boards, 
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Boards, the Straps or Handles, and the Manner of covering the whole; 
muft be likewife obferved in the Conftruction of this: There is only 
this one Article that conftitutes a difference between them, (namely ) 
That inftead of Paper Crackers parallel to the Plane of the Surface of 
the Shield, you mutt ftick in Running Rockets or Iron Crackers perpendi- 
cularly co the faid Plane: The Holes for receiving them hall be bored 
clofe home to the included Match or Compofitien, and fhall be of fuch 
Breadth as is required by the Size of your Rockets, &c. Obferve here, 
that your Inner Cavity that holds your Match, may be made a little nar- 
rower than in the preceding Shield; becaufe the Fire purfuing its 
Courfe in that Spiral Direction, and fucceflively preying upon the in- 
cluded Matter, tts breathing Holes or Vents are larger, and in greater 
Number, by its driving out thefe Rockets and Iron Crackers than before: 
Letter A points out the Place where you are to prime, and fet fire to the 
whele. See Fig. 172. 


SORT Iii. 
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. The Figure which you fee in 173, reprefents the Form of an ancient Fig. 173. 


Efcutcheon. ‘This alfo is conftruGed much after the fame manner with 
the above Shields, it being compofed of two light Boards: Bur there is 
this Difference fubfifting between them, chat the Interior Cavity of this 
is not formed in a Serpentine or Spiral Direction, but is only a Complex 
Line according « the Breadth of the E/cutcheon; ¥ mean, that you 
muit draw Parallel and Vertical Lines (at the Diftance of at moft a Fin- 
ger from the Edges of the Boards) which laft oruft alcernately be pro- 
duced from the Extremity of one Parallel Line to another; fo that by 
their mutual Terminations in each other; they thay all together form as 
it were one continued Line; and confequently that the Cavities hollowed 
out in that DireGion may be one continued Cavity compofed of feveral 
Branches (fomething like the Meanders of a River) defcending from the 
Top of the Efatcheox to the Bottom. The Parallel Lines or Cavities 
fhall be 2 or 3 Fingers from each other; as we faid above: The Holes 

ich you bore for your Rusrung Rockets or Crackers muft be in fuch 
order as not to be direGly under each other, bur in fuch a Pofition as to 
be Triangubt-wife; or in fuch Manner that four of them may include 
or form a Rdostdus, compofed of two fimilar and equilateral Triangles, 
_ by means of which the Rockets, &c. will be at a convenient Diftance 
from each other. As for any thing farther relating to the Bycutcheon, 


ic is the fame with what we have above directed. You may contrive to — 


give it an artificial Belly or Swelling in the Middle according to the Big- 
nefs of it, that it may have the better Appearance, and that rifing out 
towards the Middle it may have the Shape of a Pan-tile, or fomething 
of that kind. | 


SORT 
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I here prefent you with another Efcutcheon which is of an Oval or 
Fig. 174. Elliptic Form, as you may fee in Fig. 174: The Conftruétion of this is 
fomething like that.of the preceding; but inftead of fingle Rockets or 
Crackers, you muft have little Wooden Boxes, or Paper Cafes, or Cartouches 
as A, filled with Running Rockets, which hall be alternately difpofed 
as in the laft Sort, (v#z.) Triangularly or Rhombufidical. Your Cavi- 
ties aforementioned muft be in Proportion to the Length and Breadth 
of the E/cutcheon, and the Parallels may be joined as in the laft Sort by 
Vertical or Tranfverfal Lines or Cavities, which fhall turn to and exaét- 
ly humour the Sweep or Form of the E/cutcheon, as in the foregoing 
Sort. Upon the whole, you may (if you pleafe) make your Inner Ca- 
vity in a Spiral Direction, exactly anfwering to the Form of the Efcut-— | 
cheon, and then difpofe of your Boxes or Cafes juft as you did with the | 
Rockets and Crackers in the firft and fecond Sort: However, you mutt 
take care that the Revolutions of your Spiral Cavities (and the fame 
thing muft be obferved, if your Cavity is wrought in a Re¢tilinear Di- 
rection) are at a much greater Diftance from each other than in the for- _ 
mer Figure, and that, in Proportion to the Size of your Cafes, which 
upon the fcore of their Largenefs ought to be at a greater Diftance 
from each other than the fingle Rockets and Crackers that do not pro- 
duce fo greata Fire. If the abovefaid Cafes are made of Wood, they 
fhall have their Bottoms bored with a {mall Hole, into which you muft 
thruft one End of a little Fuze (made of Copper or Iron) filled with 
Meal Powder, which mutft be driven very hard in it; the other End of 
each of thefe Fuzes fhall go into the Board which forms one Side of | 
your Efeutcheon, and muft bear upon the Combutftible Matter contained 
within it through {mall Holes made to receive them; and by them the 
Fire will be conveyed to your Cafes of Rockets, and caufe them to de- 
part. If your Cafes are made of Paper, you may leave them open at 
Bottom, and let them into the Outward Surface of your E/cutcheon to 
the Depth of two or three Lines, and fecure them faft with Glue, hav- 
ing firft bored little Holes through the Board aforefaid, (which muft be 
filled with Meal Powder) which muft be exaétly under the Middle of 
the Cafes, This done, you fhall head up all your Cafes with Cornets 
or Paper Cones, if fo it be that the outward Surface of your E/cutcheon 
is to be flat and bare, but if it is to be fomewhat raifed or {welled in the 
Middle (which may be eafily done by a Covering of Paper or Cloth:) 
their Heads fhall be flat. Any thing farther relating to this, may be 
gathered from what has been faid of the preceeding Sorts of thefe 


Shields 


SORT 
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The laft Sort of Buckler, which you fee in Fig. 175, cannot be per- Fig. 175. 
formed till you have a previous Knowledge of the Conftruction of Fire- 
Wheels: 1 thall therefore referve what I have to fay of it till I have 
treated of Wheels: I fhall only here inform you, that this E/cutcheon 
may be of what Form or Figure you pleafe, and that it muft be made 
but of one fingle folid Board, and that the Surface of it may be flat, or 
{welled out in a Bofs in the Middle of it; and finally, that the Frre- 
Wheel mutt be fixed exactly in the Middle of the E/cutcheon or Buckler, 
upon a {mall Axle or a round Pin firmly driven into the Wood, that it 
may turn round the more freely. Every thing farther concerning this 
Machine will be taught by the Sequel. 


CHAP. IL. 
Of FIRE-CUTLASSES. 


M2A4EE a Cutlafs of two Pieces of {mooth dry Wood, after the Fa- 
fhion of a Polifh Sabre or Turkifh Scymitar, with a crooked Back | 
and only one Edge, as may be feen in Fig. 176: Put the Edges of your Fig: 176. 
two Boards together, and keep the Back open to the Breadth of two or 
three Fingers, fo that between them there may be a Hollow, whofe 
Profil or tranfverfal Section anfwers to an Jfifceles Triangle. Divide 
the whole Length of this Cavity by little Triangular Partitions of 
Wood, exactly fitting the Form of the faid Cavity, and glue them well 
to the Innerfides of your Cutlaf, and to faften them {till the better drive 
little Wooden Fegs into them from the Outfide, or elfe little Brads. 
You fhall then add a Gripe or Handle to it, that it may be conveniently 
handled and managed. But before you faften in your little Partitions, it 
will be proper for you to make a little Groove or Channel within-fide, 
right over the Conjunction of the two Edges of your Boards, into which 
you muft put Slow Compofition to the Height of half a Finger, or elfe 
you may lay Quick Match in it, and cover it with a thin Sheet of Lead, 
or with a thin Slip of Board, over which you muft glue or pafte a Piece 
of Paper, to keep it down upon your Priming. You muft not forget to | 
bore little Holes through which your Compofition or Match may corre- 
{pond with each of your Partitions, and accordingly fire the Running 
Rockets (or Squibs) Stars, Sparks, Light-Balls, or other fuch like Things 
wherewith thofe Partitions are ufually filled up. In fhort, after having 
pafted a ftrong Paper over the Back of your Cutla/s, you fhall coat it all 
Mmmm | round 
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round with a Cloth, and paint the Blade of it in Imitation of Iron. If 
you would have any additional Pleafure from this Machine, you may on 
each Side of the Blade ftick Crackers in Salter ; that is, in Form of 
St. Andrew's Crofs, as may be obferved in the Figure. The Touch-hole 
where you are to fire your Compofition or Match, muft be near the Point 
of your Cutlafs. | 


CHAP. III. 
—Ofan Artificial + Hanger or Dagger. 


Fig. 177." PSHE Form of the Hanger which you have in Fig. 177, is not very 


different from that of the Cu¢/a/s I juft now defcribed : This like 
the former is made of light dry Boards. The Edge of it is hollowed in 
the Form of a Concave Semi-Cylinder ; in which you are to fix Rockets 
of 8 or 10 Ounces, more or lefs in Proportion to your Hanger, and in 
Proportion to the hollow Edge of it: You fhall fill them with one of 
the Slow Compofitions I have already given; but for want of them, the 
following Compofition will do very well. ‘Take of Powder 5 Parts; of 
Saltpeter 3 Parts; of Coa/2 Parts, and of Su/phur one Part; beat, mix, 
and incorporate them well together, and fill up your Rockets with it to 
the Brim, without capping them or adding any Report to them as is 
commonly done for Rockets; in fhort, without heading up or boring 
them at all, lay them open one upon another in the hollow Edge of your 
Hanger, and gluing them well on, cover them over with Paper. Far- 
thermore, you may on each Side and on the Back of the Blade ftick 
Paper Crackers, in fach a manner as not to be fhaken or torn off: To 
conclude, each of your Crackers fhall correfpond with the Rockets by 
little Fuzes filled with Meal Powder, through which the Fire may be 
conveyed to them from the Rockets. 


CH AP. IV. 
OF ARTIFICIAL SWORDS. 


It is wafting of Time to beftow more of it upon the Performance of 
any Thing than the Nature of it requires; a due Regard to which 
Maxim fhall be had in this Chapter ; for in truth, the Figure of the 


t The French calls this Demy-E/padon, ; 
| Fire- 


te otal 
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Fire-Sword which you have in Number 178, needs not the leaft Expla-Fig. 178. 
nation; for it differs in nothing but in Form from the Artijfictal Hanger 
above defcribed : Therefore to avoid an impertinent Repeiition of what 
has already been faid, and the Trouble of inventing ncw Terms; I 
fhall tell you in few and plain Words, that the Conftruction of the 
Fire-Sword does not vary a Nail’s-breath from the Conftruction of the 


Hanger above. 
2 


CHAP. V. 
Of FIRE-POLES or RODS, 


b Goa Fire-Poles fhall be of the Length of 10 or 12 Foot, and of Fig. 179. 
the Thicknefs of 2 Inches at moft. You muft hollow one of the 

Ends of it with 3 or 4 Flutes to the Length of 2 or 3 Foot. Into one of 

thefe Flutes you muft fix Rockets or Sguibs prepared after the manner 

we ordered above; but in the others, you muft fix Paper Crackers on- 

ly; after having bored Holes through the Body of the Pole through 

which the Rockets may have Communication with the Crackers : Wrap 

them then neatly in Paper, the more effectually to deceive the Specta- 

tors. See Fig. 179. | 


CHAP. VL 
Of FIRE-WHEELS, 


SORT I. 


i (lacs moft common and fimple Sort of Fire-Wheels is that which 
you fee reprefented upon our Shield or Efcutcheon in Fig. 176, It Fig. rss. 
is made of light Fir or Lime-Tree Boards well jointed together, and 
wrought in an Octangular Form. In the Center of it is a little Nave 
into which the Spokes of the Wheel are fixed, which fupport the Fells. 
The Eight Sides of this are fluted or hollowed juft as we have ordered 
for the Hangers and Poles; into which Flutes or Grooves you glue 
large Rockets (namely) one, two, or more, according to the Dimenfions 
of your Wheel. But it is in this Cafe neceflary that your Rockets fhould 
be bored juft like Sky-Rockets, and filled with the ufual Rocket Compofi- 
tion; they fhall likewife be choaked at Top, faving only a. moderate 
Hole in the Head of each, by which the Fire when it has confumed 


one 


320 Of the Great Art of ARTILLERY. Boox V. 


one of them may pafs to the next to it, and fo on till they are all bur- 
ned out fucceffively one after another; but the Head of the laft muft 
be carefully ftopped or clofed up, and you muft fome how or other 
contrive that it be not in danger of being accended nor incommoded by 
the redundant Fire iffuing from the firft. To conclude, you may to 
this laft Rocket add a Report of Corn Powder. 


SORT I. 


Fig. 180. This Wheel isa little more Artificially contrived than the foregoing. 
As to the Form of it, it is perfectly round, and has a Flute or Groove 
all round the Convexity of it, into which are fixed fuch Rockets as we 
ordered above: On each fide of the Fells (as they are commonly called) 
you muft firmly fix Paper Crackers, which fhall correfpond with the 
Rockets by little Fuzes filled with Meal Powder. Fig. 180 will give you 
a compleat Idea of every thing elfe relating to it. 


SORTS _ MII and IV. 


Fig. 181. The Conftruction of the Wheel Iam now going to give you is much 
the fame with that of the Firft Sort, and in point of Form is exaétly like 
it. But this exceeds the foregoing two, inaimuch as it has two Rows or 
Revolutions of Rockets, in confequence of which it has two contrary 
Rotations (namely) to the Right and the Left, or Forwards and Back- 
wards. But you may imagine that thefe Rotations are not performed at 
the fame time; but whirling round in one particular Dire¢tion till the 
lower Range of Rockets is {pent, it turns back again by a Retrograde 
Rotation when the upper Rockets are fired, by means of a private Fuze, 
Caft your Eye upon Fig. 181, where you will fee how all this mutt be 
ordered. 

Obferve here that all the Rockets (or Wheels) we have here mention’d 
muft be either in a Horizontal or a Vertical Pofition; that is, whilft 
they are burning, they muft turn upon an Iron Axle (fuch as you fee in | 

Fig. 182. Fig. 182) either parallel to the Plane of the Horizon, or perpendicular 

Hig. 204m it. Under Fig. 204, I have reprefented an Horizontal Wheel di- 
ftinguifhed by the Letter E, and clofe by it a Vertical one in the Letter 
G. Remember here that this Horizontal Wheel holds the Fourth 
Place of Fire-Wheels; becaufe it is in fome fort different from the reft; 
its fuperior Plane being all {tuck full of Running Rockets (or they may 
be Sky Rockets if your Wheel is big enough;) add to which, that the 
Conftru€tion of it approaches pretty near to that of the Shield or 
Buckler of the Second Sort, with regard to the Rockets that are ftuck. 
into it: As to any thing farther concerning this ’hee/, you may ga- 
ther it from what has been faid of the preceding Sorts. | 
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Befides this; Ihere give. you a round Wheel, of which is formed a 


 Bafon of a Fire Fountain. ‘This you have in Fig. 202, diftinguifhed Fig: 202. 


by the Letter B. The Plane of it is pointed out by E, but the true 
Orthography of it, and the manner how it is to be contrived fo as to 
turn round upon a Tube or Cafe of Compofition may be feen in F. But 
let us goon, fer we fhall have earalion to {peak more particularly of 
this in the Sequel. 


SORT V. 


In order to conftrué this Fifth Sort of Wheel, you mutt firft have a Fig. 183. 


pretty large Wooden Bow! or Difh, with a broad flat Brim, fuch as you 
fee in Fig. 183, under the Letter B. Then you muft have alight, dry; 
{quare Board; of 2 or 3 Foot in Breadth each way. Saw off the Cor- 
ners of this Board and convert it into an Octangular Table, and cut out 
a round Groove (or as the Original has it Sems-cylindric) all round the 
Thicknefs of it. This done; cut out a large round Hole inthe mid- 
dle of this Oétangular Board, in which you muft fix a Water-Globe, or 
fomething of that kind, or fuch as thofe we gave you in the Third Sort 
of Running or Leaping Globes; but be the Ball what it will, you mutt 
fo order it that one of its Hemifpheres may be hid and received i in your 
Wooden Bowl, and the other rife up above your Octangular Board: 
Nail down this Board upon the broad Brim of your Bowl or Difh, and 
fix your Globe in the middle of it, as we faid above, and tye it down faft 
with Wyre, or fecure it by any other Contrivance fo as to prevent its 
efcaping out of the Bowl. Thisdone; glue fuch Rockets as we {aid a- 
bove in the Groove that runs round the Thicknefs of your Board, lay- 
ing them clofe after one another, fo that fucceffively tak{ng Fire from 
one another, they may keep (as long as they lait) whirling the Wheel with 
‘one uniform Rotation. If you will you may add on each fide of the Wheel 
three or four fuch Boxes or Cafes as we mentioned above, which muft be 
erected perpendicularly to the Plane of your Octangular Board: To con- 
clude, you may upon the fame Board or Plane range a Number of Crac- 
kers \engthways following one another; of thefe you may not only have 
one Tire or Range, but two or three Tires one within another, juft as you 
fancy, and as the Extent of your Wheel (as we have called it) will permic. 
Your private Trains or Fuzes fhall obferve the following Order ; firft 
conduct one to the Rocket which is to take Fire the firft from the Globe 
fixed in the middle, whofe Side muft be pierced clofe home to the Coms 
pofition it contains; let this Train be of Meal Powder and clofely cove- 
red up. You muft then have Trains or Fuzes of Communication from 
the Rockets to each Box or Cafe, and from them to each Cracker, and 
from the outward Ranges or Tires of Crackers to the Inner, if fo it be 
that you have more than one, All thefe Trains muft be of Meal Pow- 

der. 
: Nana The 
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The Boxes or Cafes muft be ordered and fixed, as we direéted ih our 
Fourth Sort of Shields. Finally, the whole as compounded of all its 
Parts fhall be univerfally coated with Pitch, fo that your Wheel being 
committed to the Water, that Element may not have the leaft Admit« 
tance into your Trains, Rockets, Cafes arid Crackers, nor into yout 
Bowl or Dith; for except it be very fubftantially coated ovet, your La+ 
bour will vanifh in Smoke, or (to fpeak more proper in the prefenit cafe) 
turn into Water, and balk you of the Diverfion you expected. In 
doing this then, the Pyroboi/? will have an Opportunity of difplaying 
his Induftry and Skill. | | 
Obferve here this Firework muft be enkindled in the Middle of it, 
and as foon as your Compofition is thoroughly fired you muft eafe it gent= 
Fig. 183. ly down into the Water. Caft your Eye upon the Fig. where you will 
| fee a Curious Reprefentation of every thing we have here defcribed, 
diftinguifhed by the Letter A. 


CHAP VIL 
Of Artificial Clubs or Maces, 


SORTS I and Il. 


I Shall not here take up your Time with a particular detail of the fe- 
veral Sorts of Clubs which Pyrobo/i/ts have been pleafed to invent and 
defcribe ; for (as I have already faid) I do not propofe to dwell upon any 
thing that is trivial, nor to fweep out our Pyrotechnic Granary to the 
minuteft Straw, but: only by an affiduous Labour and Induftry to pick 
out the choiceft Grains of our Pyrotechnic Stores for you: And there 
fore I fhall only prefent you with the three following Sorts. The two 
Fig. 184. firft of which Fg. (184 and 185) are perfectly like the Water Globes of 
and 185-+ 6 Seventh and Ninth Sort, and therefore I hall refer you to them for 
the Conftruction of thefe. You need only add handfome turned 
Handles tothem, fuch as you fee reprefented in the Figures themfelves, 
or any other that our Pyrodoli/t fhall like better. To this I thall fubjoin 
a Compofition that I take to be more proper and convenient for thefe 
than what is ufually made for Water Globes. Takeof Pitch1 ib; of 
Sulphur Ziti}; and of Coal 21; beat, mix and incorporate them well to- 
gether, and {prinkle them over with any fat, oily Subftance or with 
. Brandy, and charge your Bal/s with this Mixture: Or if you pleafe to 
make ‘ufe of the Compoftion we ordered above for the Catla/s it will 

do very well and is very fit for this purpofe, 


sORT 
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Get a Club turried with its Handle and a Spheroidical Head, and let Fig. 186. 
it have a Sphetoidical Cavity withinfide ; but this Cavity muft be fo con- 
trived that the Solid Subftance of the Wood or Shell be throughout of 
the Thicknefs of five Inches at leaft: Or elfe it may be bored with a 
round Hole from the Top to the Middle of it, of the Breadth of 3 or 4 
Inches. Farthermore, you muft bore the Sides of it all round with 
Holes of the Diameter of 3 or 4 Inches, and to a Depth anfwering to 
the Length of a Running Rocket, all which Borings muft tend tothe | 
Cavity in the Middle. 

You muft then bore fine Holes branching from the Bottoms of thefe 
‘great Cavities, to that in the Middle, in which they muft all terminate; 
and thefe fhall be filled with Meal Powder. "This done, make Paper 
Cafes upon a Rowler, which muft be a little lefs in Diameter than the 
Cavities abovementioned; thefe Cafes fhall ‘be neatly -pafted together, fo 
as to flip eafily into the Cavities they are to be fixed in; and if you will, 
you may.make Paper Bottoms to them, provided that thofe Bottoms are 
pierced in the Middle to give the Fire Conveyance to the Rockets which 
are confined within them: Having fixed them in the Holes of the Head 
of your Club, you muft cover each of them up with a Paper Cone, af- 
ter having capped all your Cafes with a raqund piece of Paper, to 
keep them from falling out of their Holes: You may fill the middle- 
moft Cavity of your Club with the Compofition we juft now gave for the 
'two ‘foregoing Sorts; or you may ufe the following, which is much of 
the'fame ‘Nature. Take-of Sa/tpeter one tb; of Sulphur Tb {s; of Pow- 
‘der 3 iii); of Coal 3:ij. ‘Finally, dip the whole Body of your.G/ud, armed 
‘as'it is'with:its pointed or.conic Heads, into a good Quantity of melted 
(Pitch, or coat-it over with Glue; in a Word, paint it over of what Co 
ilour:you-pleafe. See Fig. 186. | 


CHAP. VII. 
‘Of the FIRESTAEF or STICK. 


(] HE Pire-Staf may fometimes fupply the want of an Artificial Fig. 18%, 
" 1Wheel, inafmuch as.ic-is contrived to turn and whirl round upon 
an Iron. Nail. or Axle, which is -an-Aétion common to Fire-Wheels: As 
to the Conftruction of it, it is neither very coftly nor troublefome: You 
tare to fill: two. Sky-Rockets of what Size you will with a futable Compof- 
t10n Up to the Brim ; and-bere them to 5 of their Height with a proper 
Borer 
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Borer or Taper-bit. Then get a folid Wooden Ball turned with two 
Arms or little Axles Diametrically oppofite to each other, and exactly 


fitted to the Orifices of the Rockets into which they are to be ftuck. Bore 


then an Hole through the Body of your Ball, interfeéting the Imaginary 
Line which paffes through the Center of the Arms or Axles of your 
Ball at right Angles: To the Outfide of thefe two Rockets you may fix 
Crackers all on the fame Side; but their little Fuzes muft be 2 or 3 Fin- 
gers from the Orifices or Heads of the faid Rockets. On the Side oppo- 
fite to thefe Crackers there muft run a long Tube or Fuze, through 
which the Fire may be conveyed from the firft Rocket that burns out to 
the Choak of the other; which hall be covered with a little Paper Cap, 
as we ordered formerly with regard to Rockets that run upon Lines. In 
the Profil (Fig. 187.) you fee the Wooden Ball with its two Axles diftin- 
guifhed by the Letter A, as ftuck into the Orifices of the Rockets; B 
and C are the two Rockers as filled with Compofition, and bored as they 
ought to be. E and F are the Paper Crackers. D the Tube or Fuze; 
the reft may be learned from the Figure itfelf. : 


CHAP. IX. 
Of the FIR E-C UP. 


Fig. 188. QCRDER a Cup ot Goblet to be made of Wood or Metal, after the 


Fafhion of any Drinking-Cup that you like beft; as for me, I 
find none better adapted to this Purpofe, than that which you fee repre- 
fented in Fig. 188: The Lower Part or Leg of it muft be bored ftom 
the Foot up to its Concavity, into which Boring you fhall thruft a 
Wooden or Metal Fuze filled with the following Compoftion, which 
will yield a very black obfcure Fire. Take of Pitch 3 iiij; of Sulphur 
33 of Coal 34; of Crude Antimony 3 ij; and of common Salt 3j. 

Fill the Capacity of your Cup with Running Rockets (or Squibs) af- 
ter having falted the Bottom of it over with a Mixture of Meal 
and Corn Powder to make them fly out. Shut them in, and cover them 
with a round Board of the Thicknefs of 3 or 4 Lines, and that, to fuch 
a Nicety that the lower Surface of it may bear upon the Heads of the 
Rockets, and its Circumference exactly correfpond with the Concavity 
of the Cup. Then pitch the remaining Cavity of your Cup up to the 
Brim, and cover the round Board upon the Rockets with a tarred Cloth, 
to keep it tight, and to prevent any of the Pitch from running in among 
the Rockets. 

The ingenious Pyrobolif may apply this Cup to a thoufand artful 
Ufes; particulasly in drinking to the Health of fome Perfon of Diftin- 

4 Ction, 
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ction. He need only firft fire the Fuze or Cafe chat runs down to the 
Center of the Foot of this Goblet, and whilft that is burning, tols of 
at once what Liquor is in it, and immediately lifting it above his Head, 
keep it in that Situation all the Rockets are fired and flown, out of the 
Cup: But I muft here tell you, it is proper that you thould have 
no more Wine in it than miay be drank off at one or two Gulps; ar elfe 
it may be neceflary for the Drinker to have a Throat formed after. the 
German Fafhion (I ask Pardon) I mean the Grecian; to {wallow it 
down at once, if there be a good Quantity of it; for in this Cafe you not 
only run the Hazard of burning your Nofe, but alfo of {poiling your 
whole Face. Now befides the Cup I have here givea you, you may 
confult Fig. 200 and 201, where you will find others. 


CHAP. X. 
Of Artificial Cafes or Tubes. . 


Oh all the Pyrotechuicel Inventions that have been brought to light, 
there are none fo important or neceflary in the Conftruction of 4r- 


tifcial Pyrotechnical Machines (which we fhall treat of in the fubfequent 
Chapter) as thefe Cafes or Tubes; for I believe it is impoffible to think , 


of any Contrivance, that would be more proper to fill up, fupport, and 
bear 4 whole Machine, of to throw out fuch a Diverfity and Redundan- 
cy of Fires, in what Order and Succeffion the Pyrodoi# thinks fit to pres 
fcribe, than thefe Cafes, which are ufed in Pyrotechnics : And there- 
fore I thall here prefent you with fome of thofe Sorts which are in the 
greateft Requeft among Fire-Engineers; and that, in the mof — 
and confpicuous Order I am able. To begin, 


SORT I. 
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In Fig. 189 you have the Conftruction of a Caf ininls of fevéral Fig. 185. 


Pieces or Boxes, whofe Height is arbitrary, and may be as you pleafe, 
Now all thefe Boxes have hollow Bottoms adapted to receive and cover 
the Boxes which are immediately under them. If thefe Pieces are 
made of Wood they mutt fo exactly fit, and receive each other, that ig 
may be difficult to diftinguith the whole from one continued Piece: If 
on the other hand they are made of Paper (which'I like beft both og 
the fcore of their Strength and Lightnefs) you mutt, in Confideration 
that they are all of one Size, pafte on a Foot or Bottom of about a 
Palm in Height to each of them, the Interior Circumference or Con- 


7 “_ of which Bottoms muft exadtly fit and correfpond with the Con- 


O 000 vexity 
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vexity of the Boxes or Cartouches themfelves: In fhort, they muft be fo 
contrived as to flip into and fit each other. 

I know of nothing more convenient for the Conftru@tion of thefe 
Boxes than the Engine diftinguifhed by the Letter A, and the two Cy- 
lindrical Formers by B and C, upon which (having previoufly greafed 
them over with Soap) you fafhion your Boxes juft as you think proper, 
by pafting one Revolution of Paper upon another, turning round your 
Former which has an Axis at each End, fufpended upon two Crutches; 
and having an Handle at one End to turn them round with. Be-+ 
ing thus formed, put them to dry by a moderate Heat; for if you 
dry them fuddenly by a brisk Fire, they will fhrivel up : And therefore 
as foon as they are taken off from the Former, you immediately clap 
round Wooden Boards into them to ferve for Bottoms, which are fub- 
ftantially glewed into them, and afterwards nailed in from the Outfide 
to fix them in {till the more firmly. The Wooden Fuze belonging to 
the Bottom of each Box muft be ordered and filled juft after the fame 
manner as we directed above for the fourth Sort of Water-Globes ; and 
the Rockets fhall be fixed after the fame Fafhion. Now, if you are de- 
firous of feeing how all thefe Cafes are adjufted and fixed in Pyrotechni- 
cal Machines, caft your Eye upon the Statue of Fortune which we have 
reprefented in Fig. 202, where you will fee one of thefe diftinguithed 
at large by the Letter A. 


SORT I. 
In the preceding Sort, I have given you a Cafe compofed of feveral 


Pieces, which are deftroyed and blown up by Degrees, as faft as the 
Rockets contained in one of them can force away the empty Box fuper- 


incumbent upon them, which has already difcharged its Load; but I 


here prefent you with fome that are folid, and which always ftand pof- 
fefs’d of their full Height; and only bear Artificial Fsre-works on their 


-Outfides, which being ranged in a continued regular Order from the 


Fig. 190° 


Top to the Bottom, burn and fly up into the Air to the Aftonifh- 
ment of the Beholders: Or they contain Artificial Recreative Globes, 
and feveral fuch like Things which mount upwards to perform their 
Effects, and leave the Ca/e empty: All thefe I fhall entertain you with 
in the moft perfpicuous and concife Method I am able: Firft then. 

The Cafe or Tube which you fee in Fig. 190, muft be made of folid, 
hard, dry Wood, of what Height and Thicknefs you fhall think proper. 
You muft bore it with a large Augre to the Breadth of a Third or at 
leaft 4 of the Solidity of the Wood. You mutt then divide the whole 
Height of it into certain equal Parts, which fhall exactly correfpond 
with the Height of the Sty-Rockets you intend to fix upon it, or 
they may be a little fhorter. All thefe Parts fhall be cut floping in 
downwards, excepting only the uppermoft which muft be a Cylinder, 

but 
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but all the reft thall be Portions of a Cone reverfed, fo that the whole 
may be divided as it were into Joints like a Cane, and each Joint have a 
pretty broad Shoulder. Thefe Shoulderings muft be flat, and have a 
Groove cut into them, and running all round them, which muft be of a 
Finger’s Breadth, and of the Depth of 6 Lines, or thereabouts. From 
thefe Grooves you muft bore {mall Holes, by which the Fire may be 
conveyed to the Trains in them from the Body of the Ca/, to light the 
Rockets which ftand upon them in Paper Cartouches, which muft be 
fecurely fixed to the Wood to prevent them from flying away with the 
Rockets. As to the Conftruétion in general of this, I fhall refer you to 
our Chapter of Water-Globes, where you will find fomething of this 
nature in Fig. 101: But the Figure I have given of this, will fufficients 
ly inform you of every thing relating to it, where A and B denote the 
Joints of this Ca/e or Tube with their Rockets; C the great and {mall 
Cavities for your Trains ; and D the Orifice of the Cavity in the Body 
of it. Your Trains in general muft be of fine Meal Powder. But the 
great Boring which runs down the Middle of the whole (as well as of 
the reft which we thall defcribe hereafter) fhall be filled wich one of the 
Compofitions we gave for Water-Globes or Fire-Balls: But I muft cau- 
tion you to put in about half a Pound of Corn Powder after every 5 or 
6 tb of Compofition, in order to clear and fcower the Infide of the Ca/é 
from the Soot, &c. which will ftick to it, and fupprefs the Flame, and 
impede its lively Afcent. ‘The Bottom of this Tube fhall be folid and 
fubftantial; that is, you muft not bore it quite through, but leave 3 or 
4 Inches of folid Bottom to it. 


SORT I. 


_ The Form of this Cafe in Figure 191, feems to differ pretty much Fig. 191. 
from the preceding ; becaufe this appears to be a perfectly round 
and uniform Cylinder ; though in the main it is hollowed, and cut 
out in the fame manner as that above. You are to trace out a 
Spiral Line from one End to the ether of its Convexity; upon 
which Line you (at a convenient and equal Diftance) are to cut out 
Morteffes or Holes to the Depth of two or three Inches, whofe Bafes 
and Perpendiculars fall obliquely upon the Axis and its Parallels: (See 
Letters B and C upon the fame Figure;) Into thefe Mortefles you muft 
contrive to fix Paper Cafes with Wooden Bottoms, into which you may 
put any Sort of Rockets you pleafe, as you fee in A and E. But you muft 
take care to have Fuzes or little Holes branching out from the Body of 
your great Tube to the Corn Powder beneath your Rockets. 


SORT 
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SORT Iv. 


Fig. 192. I can hardly add any thing farthetof this to what I have already faid 


above ; for this Ca/e is Coufin-German to the preceding one. How- 
over, there is this Difference berween them; that the firft is armed with 


SORT V.. 


Fig. 193. Divide the Periphery or Circumference of a Cylinder at each End 


into a certain Number of equal Parts, and then produce Subtenfes or 
Chords fucceffively terminating in your Points of Divifion. By this means 
you will have two Multi-Angular Figures (viz.) one at each End, whofe 
Angles and Sidesare mutually Similar and Equal. Thustaking the Sides 
of thefe Polygons for your Guides and Directors, cut away the Convexi- 
ty of your Cylinder and convert it into a Polyhedronic Prifm: Yf you 
have not a clear Idea of this, caft your Eye upon Fig. 193. 

This done, bore it through the Middle with a large Augre, as we di- 


rected for the reft; and bore each Hedron or Side of it with a Number 


of Holes all falling obliquely, or at acuce Angles, upon the Axis of the 
Prifin, and the Plane of its Sides; all which muft penettate to the 
great Boring in the Middle. Into thefe Holes you muft thruft Iron 
Crackers, or Running or Sky Rockets, if your Tube is in Proportion to 
them or can bear them. 

The Tower which you fee in the Middle of our Citadel fortified 
with ¢ Baftions is built upon a Tube of this Kind, as may be perceived 
in Fig. 204. But the Ingenious Pyroboli/# may apply this to feveral o- 
ther Ufes, whether Recreative or Warlike: For my Part, I fhall fpeak no 
farther of it, but proceed to give you an Account of others which f 
like full as well. . 


SORT VL 


If you pleafe to recollect; you may remember that I difcourfed pret- 
ty largely upon a Tube of this Kind in Boot Wi], when I defcribed to 
you the Third Sort of Sky Rockets, and allo in Look 1V, when I treat- 

| ed 
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ed of the Twelfth Sort of Water Globes: So that notwithftanding I 
promifed you then to amplify upon this in another Place, I find the 
Difference between thofe which I formerly defcribed, and that which I 
have now taken in Hand, to be fo very inconfiderable, that I can hardly . 
diftinguifh one from the other, except it be with regard to Size, and 
therefore I fhall refer you to what I formerly {aid to inform yourfelf in 
the Conftruction of this: However I muft obferve to you by the way, 
That all Sorts of Cafes or Tubes (excepting that which we defcribed 
Firft) may be filled after the fame manner as what you fee in Fig. 194, 
Where A points out Pyrotechnic Stars and Sparks interfperfed with Corn 
Powder. Ba Recreative Globe filled with Paper or Iron Crackers. C 
a Light Ball, or Water Globe, which of them you pleafe. Finally, D 
fhews you another Recreative Ball filled with Running Rockets. The 
Hollows and Interftices between thefe Fires are filled with a Slow Com- 
poftion or Corn Powder to blow out the Globes &c. one after another. 


SORT VI. 


_ Truly, I find nothing more troublefome, nor would there be any thing Fig. 195. 
more unprofitable than to coin new Words to defcribe each of thefe 
Tubes, fince by the Conftruction of any one of them you may with a lit- 
tle Thought get the Knowledge of all the reft: Add to which, that the 
Figures 1 have here given you of them, illuftrate them fo evidently and 
plainly, that it is impoffible for you to commit any Miftakes if you du- 
ly confider them. And therefore I fhall add but two or three Words iri 
favour of this Sort. Namely, that you are to fix all your Crackers up- 
on the Convexity of it in a Spiral Line, whofe Revolutions are pretty 
clofe to one another, and that they muft be difpofed in fuch Sort, that 
they may anfwer to the Form of a Rhombus compofed of two Equila+ _ 
teral Triangles; or elfe Saltier-wife, or in Form of St. Andrew's Crofs. 
Confider a little on what has elfewhere been faid, and caft your Eye up? 
on Fig. 195. : | 


SORT vu. 


. "Take a Wooden Cylinder {moothly turned, or let it at leaft be cut Fig. 196: 
out in a roundifh Form, and let its two Bafes or Ends be equal. Its 
Diameter or Thicknefs muft be left to your own Fancy, but its Height 
or Length fhall be always fix times or ten times its Breadth or Thick- 
nefs. This done; flute it-as you fee in Fig. 196. Now left you might 
not know how this is to be done, I fhall difplay it td you in few Words. 

_ Divide the Periphery of the Bafe into 6 equal Parts; which you may 
do by taking the Semi-diameter of the Cylinder: Subdivide then each . 
Sixth into 7 other equal Parts, and take one of thefe laft Parts for the 
Lift or Interfpace between the Flutes or Channels, and the 6 others 
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fhall be left for the Channels betwixt the Lifts. ‘They are formed 


~ thus. 


~ Take the half Broadth of each Hollow or Flute for a Semi-Dis- 
meter or Redsys, and defcribe a Semi-Circle from a Point in the Pe- 
riphery of your Bafe, Then skipping over + for an Inter{pace ar 


~ Lift, defcribe angther Semi-Circle from the Periphery in the fame 


manner, and fo preceed till you have defcribed 6 Arches. The 
fame thing muft be dene at the other End or Bafe. In fthort, having 
produced Righe Lines from one End to the other of your Cylinder ter- 
minating the Breadths of yeur Inrerfpaces or Lifts, and your Flutes or 
Channels; hollow them in Proportion, and by the Direction of your 


' Semi-Circles at each End, and the Lines upon the Curve Surface of 


your Cylinder, Then bare the Bady of it from one End to the other, 
in {uch Proportion that the Diameter of the Boring may be 3 or } of tho 
Breadth ef one of the Hollows or Flutes wrought into your Cylinder, 
Then prepare little Mortars after this manner. Get fome Wooden 
Cylinders fo as to fit each Channel or Flute; hollow them out, and add 
Chambers to them (as may be feen in B) which Chambers fhall be + or ? 
of your Flutes in Depth, and the Breadth of + only. Thefe Chambers 
are defigned to hald Cora Powder. 
- Reinforce thefe Mortars ftrongly with Paper Cafes on the Outfide, 
and nail them faft in the abovementioned hollow Channels; whofe 


— Concavity they are exaétly to fit; but as to the Length of them it fhall 


be double of their Breadth. Thefe little Mortars muft each contain a 
Recreative Globe made of Paper, but with Wooden Bottoms prepared 
after the manner we formerly directed, and their Chambers muft be 
charged with Corn Powder. Then having traced out a Spiral Line from 


oae End to the other of your Cafe or Tube, fix thefe Mostars upon it, - 


(that is) in a Spiral Direction with refpect to each other, and fecuse them 
faft ia your Flures, by little Irom Staples driven into the Bottoms of 
them, and inta the Sides of the Lifts or Interfpaces, and bind the Mid- 
dle of them with an Iron Plate faftened at each End upon -the Face of 
the Interfpaces: And if after having done all this, you apprehend they 
are not fufficiently fecured, yon may fix beneath them a Wooden or 
Iron Bracket. But before you thus fix ori your Mortars, you muft ne- 
ceflarily pierce little Holes into the Bady of your Cafe, which muft be 
filled with Meal Pawgder, exactly upon which yqu:nwtt place the Touch- 
holes of your Mortars. Every thing relating oo this may be eafily ga- 
thered from the Fagure; in which A and B point our the Morrars, and. 
C diftinguifhes the Recreative Globe. But hese I mutt farther acquaint. 
you, that there muft be but one Marvar im cach Channel or Frote. I- 
fhall not here repeat how you are to fill the a in the ‘Middle il it, 
navies mentioned it fo. often a 


- COROL- 


Book V. Of the Great Art of ARTILLERY. 


COROLLARY IL 


All thefe Tubes or Cafes may be contrived fo as to be portable after 
the manner of Clubs. And to that purpofe you need only add an Han- 
dle or Gripe to them, that you may manage them without any danger 
to yourfelf, and at the fame time deftroy your Enemies: And upon 
this Account they may not only be ranked amongft Recreative Fire- 
Works; but may alfo be allowed a Place amongft the moft Serious and 
Military, by filling them with fomething of a pernicious Nature and 
_ Effect, and arming them on the Outfide with fuch Things as are proper 
to do Execution. ‘This Hint I thought proper to make here; but I 
fhall in the Sequel have a proper Opportunity of {peaking more fully on 
this Subje@. 


eeevene & 


Though thefe 7 laft great Tubes might very properly be filled with 
thofle Compofitrons we formerly gave for Water-Globes and Fire-Balk; }¥ 
thall neverthelefs fubjoin the following Compoftions for their Ufe, which 
will be particularly a Sine them. 

I, 


Take of Powder 12 ib of Saltpeter 8 Ib s of Coal 4 Tb, and of the 
Filings of Irox or Hammer flaw 2 tb. 
II. 

Take of Powder 24 tb; of Saltpeter 10 Ib; of Salpbur 6 tb; of Coal 
4 1; of Colophove 2 tb; and of the Rejpings or ‘Saw Dif a 
8 ik. 


COROLLARY HL. 


In defcribing the above Figures we often made mention of an Heli- 
cal or Spiral Line to be traced round the Body of a Cylinder ; ¥ there- 
fore think ic neceffary to touch a little upon the manner of doing it; 
to the end thet you may be enabled to fucceed not only in the Conftruc- 
tion of ovr Tubes and Cafes; bus alfo to perform feveral Things in 
Engineering, whether Mechanical or Hydraulical. Now having met 
with a Paflage in Vitruvius which anfwers exadtly to my purpofe, 
whereby he inftructs us how to make the Helical Screw, or Spiral Ma- 
chine for raifing Water, which is faid to have been invented by 4r- 
chimedes long enough before Vitrevias was born; I fhalk here infert it. 
Arend then to what he faith. 

+ There is a hind of Serew which raifes Water with great Power, but 
not to great an Height as the Wheel, The Cenftrudction and Propor- 


+ Vierwy. Lib, X. Cap, IL 
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tions of it muft be thus ordered. Take a piece of Timber, whofe Thicknefi 
or Breadth muft be brought to confit of as many Inches as its Length does 
of Feet, and let it be made round. Divide the Periphery of it at each 
End into 4 Quadrants, or into 8 Semi Quadrants, Sy Radii or Lines 
branching out from the Centers, and terminating in the aforfeaid Periphe- 
ries; and let thefe Lines fo agree and corre/pond with each other that the 
Timber being fixed upright, the Lines of each Bafe or End may be exattly 
perpendicular over each other: From the exterior Extremities of thefe 
Lines (viz.) at each End, produce right Lines which may join them toge- 
ther, fo that between thefe Lines thus produced there may be included + of 
the Curve Surface of the Timber or Cylinder from one End to the other. Thus 
thefe Eight Spaces will be equal both in Length and Rotundity(or Breadth.) 
Being thus adjufted mark out oblique Lines or Diagonals between them, with 
Points upon each Line, continually following each other in an uniform Di- 
rection. The whole being thus ordered, take a thin Switch or Ruler of 
Willow, and anointing it over with Lar, or daubing it with any thing of 
that Nature, fix it in the Points of the Firft Diagonal, and from thence 


apply it to the Oblsqusties and Circuits of the other Jubfequent Dragonals, 


And thus proceeding onin anatureluniform Succefion uniting and connedting 
the Points of your Diagonals together you will have your Helical or Spi- 
ral Line formed. And bere you muft obfempe that the more oblique your 
Diagonals are, the lefs frequent, and farther off will your Spiral Revo- 
lutions be from one another. Your Line being thus formed by an uniform 
Progreffion of Diagonals interfecting the Lines or Divifions of the Curve 
Surface of your Cylinder obliquely; bollow out a Channel in that Direéti- 
on juft after the manner of a Screw. 

Thus far Vitruvius concerning Archimedes’s Hydraulic Screw; but if 

it can be poffible that the above Quotation is not plain enough to in- 
{tru you in the Operation, you may confult the Commentaries of Pbhi- 
lander and Daniel Barbarus upon the fame Subject, who have handled 
it with greater Prolixity. 
_ Farthermore Mar. Bettinus in his + Erario Philofophie Mathematica, 
or his Treafury of Mathematical Philofophy, has a particular Way of 
generating aSpiral Line, which is by fome fuppofed to be invented by 
Albert Durer. The fame Bettinus gives us another method of doing it, 
which he took from { Papfpus; where he explains the Meaning of Vi- 
truvius in the Paflage above-quoted: I have here then taken from that 
Author the moft compendious Method I could poflibly find to inftruat 
you in the Subject in hand, after having retrenched fome little Super- 
fluities that could no ways anfwer our Purpofe. Thus. 

Let a Right Line be given equal to the Perimeter of a Cylinder, and 
upon one of its Extremities let fall or ratfe a Perpendscular ; (which 
muft be foorter or longer juft as you propofe to have the Revolutions of 


TF Mar, Bett, Tom, I, Pag. 48. and 49," = ¢ Pap, Lib, XIIL, Coll, Mat. Prop. 24. 
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Book V. Of the Great Art of ARTILLERY: 
your Spiral more or lefs frequent) then from the Upper. Extremity or Ver- 
tex of the faid Perpendicular, produce an Oblique Line or Hypothenufe 
terminating in the other Extremity of the Bafe or given Right Lines 
This done, cut out this Triangle in Paper; and by circumvoluing or wrap- 
ping the Bafe of it round the Perimeter of the Cylinder, the Hypothenufe 
by its oblique Embrace will circumfcribe a certain Limit upon the Con- 
vexity of the Cylinder which will be your firft Spiral; having then de- 
frribed it with a Pencil; apply your Triangle a fecond time for da fecond 
Spiral. & | | 
The Right-angled Triangle by its Bafe fbews the Circular Progrefion of 
the lower Extremity of the Perpendicular: And the Perpendicular Side 
of it gives you by its Length the Progreffion of the other Point of the 
Perpendicular upwards during the Time it was furrounding the Periphery 
or Perimeter. . . | eS 

I fhall to this only add that we might by this laft method very 
conveniently and readily defcribe an Helical or Spiral Line, round the 
laft great Fire Tube I gave you; (namely) by means of a Right-An- 


gled Triangle whofe Bafe is equal to the Perimeter of the Convexity - 


of the Body, and its Perpendicular equal to the Height of it. Thus 
by applying fuch a Triangle upon a Tube or Cafe of the aforementi- 
oned Sort, the Hypothenufe will make a perfect Spiral upon the Con- 
vexity of it, upon which Spiral you muft range your Mortars in the 
Flutes or Channels wrought into the Surface of your Tube, and then 
fecure them as we before directed. : | 

From the fame Author you may alfo learn a Method of defcribing a 
‘Spiral upon a Plane, which will be neceflary for you-to.know, that you 
may be able to make the Serpentine Grooves in your Artificial Shields 
and E/cutcheons as we {aid above, | | 


CHAP. XL 


Of feveral Recreative Pyrotechnical Machines and Engines, 


compofed of Rockets, Crackers, Globes, Wheels, Buck- 
Jers, Clubs, Symetars, Swords, ‘Poles, Staves, Tubes or 
Cafes, and all fuch Iske Artificial Fires, | 


AL L that we have hitherto faid of Artificial Recreative Fire-Works, 

tends to this Chapter as to its Center: And all that we have hi- 
therto taught in our Difcourfes on the Method, Order and Fafhion of 
conftructing all the foregoing Fire-Machines, has been no other than the 
Rudiments or Apparatus, to qualify or enable you to carry on and 
compleat the noble Machines exhibited on Popular Occafions ; in fhort, 


Qqaqq I have 
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Of the Great Art of ARTILLERY: Boox V: 
I have hitherto been only infinuating into you a Knowledge of the fe- 
veral Effentials, and furnifhing you proper Materials to build with. Ia 
this Chaprer I fhall teach you the Affemblagé of them, which is defined 
to be, ax ordering and difpofing of the feveral Parts fo that they may not 
binder and embarrafs oné another ; and thé giving a Thing that Form and 
elegant Appearance which firtkes the Eye of the Spectator sn a pleafing 
manhker. Now this genéral Definition may bé divided into feveral par- 
ticular Branches, of which I thall here make Choice of two without {pe- 
cifying the reft which the Agbitec? ought to be perfect Mafter of, and 
which the Pyrobokf# ought not to be wholly ignorant ih. The firft then 
fhall be the Tbematifm (from the Greek Wotd Sener p@) which figni- 
fies the Decoram and Gracefulnefs of any Pile; and is defined to bé me 


_ making the whole Ajpect af a Fabric fo correct, that-nothing Jhall appear 


but what is approved and warranted by fome Authority. Now this latt 
Quality of any Thing, is the Refult of the profound Medication, and af- 
fiduous Study and Diligence of the Engineer, in collefting all fuch In- 
ventions and Contrivancés as may be futabte to the Time and Placa, 
where and when he exhibits his Work to the Public; and sh accommo~ 
dating them to the Rank of the Ferfon by whom he is employed; in 
ftri€tly kéeping up co all fuch Things as feem to be m the moit general 
Efteem ‘amongift Mankind; in clofely obfervimg the Natute of Things; 
arid in never attempting any Chrmerrcal Impothibility, or ought elfe that 
might in any Degree fhock and dicompofe the Rules of our 47. 

The Second is Oeconomy, (from the Greek Word cixovenrz:) This 
confifts in aé#ial Practice, and in a perfect abid mutaad Connextok of 
Members or Parts; requiring the Exercife of the fudgment, anda Know- 
ledge of why, and how rt comes to pafs that any particular Thing ought to 
be placed here and not there; why This foould bein one Poftion, and That 
in another. It likewife confiders Times, Seafons and Expences. And a- 
bove all Things requires us to provide as much as we can towards our Safe- 
ty and the Prefervation of Life; and that, not with regard to our/elves on- 
ly, but aljo with refpect to thofe who might incur great Dangers through 
our Mifconduct and Imprudence. ‘Thefe are the two Pyrotechnical To- 
pics which I propofe to enlarge upoh, and entertain you With .in the Se- 
quel. 


Qf the Thematifm, Decorum, or ‘GracefalneS which + to 
be obferved in the Oriermg of oar Recreative Pyrorechni- 
cal Machines. . — 


Both Ancients ind Moderns have allotted four géneral Timés or Ovca= 
fions ‘for‘exhibiting of Artificial Fire-Works. The Firft: At the -Cob- 
fécrations, Inaugurations,‘or Coronations of Popes, Emperors, afid Kings; 
‘at the Receptions of great Princes ‘aiid Generals; and at the Electidns of 
City Magutrates. . 


Secondly : 


Boox V. Of the Great An of ARTILLERY. 
Secvondly: Upon any Victory obtaitied by Land or by Seas upon the 
Acquifition of any Province or City by Conqueft ; upon the Raifing of 
Siegas, and all the happy Events of War. Again, upon the Conclafioh 
of a Peace between two mighty States, and upon the Tritmphant Ex 
tties of Emperors, Kings, ahd preat Capeains. 
To this Clas may be added Feftivals, Anniverferies, and Canoniza~ 


tions of the Bleed; for I think ic but realomable that we fhould devote. 


Days of Joy and Benediction, in Commemoration of thofe who have 
wot the ViGery over the World, by their Piety, San@ticy, Continence, 
Chriftian Magnanimity, and all thofé Vircwes which render the Soul 
beautiful ih the Sight of God. 

Thirdly, Fire-Works tnay be vety properly exhibited at Entertain 
¥eents and the Celebration of Marriages. — 

And Fourthly; upon che Merry-makings of Friends. 

As to the Fir of the :. Te will be proper to prepare Fire-Orowns ; t6 
reprefent the Armorial Enligns of Primées, Provinces, Cities, and Peo 
ple; to ered fore Majeftic Statwe or Coloyfas, with a Number of {nivale 
der Figures about it, to perfonare the Subjects of the-Prince, all dtefied 
after the Fafhion of their Country, ‘and paying their Duty amd Homage 
to their Sovereiyn by all the Poltures of Submilfion. - At the Insugera- 
tions ot Elections of Popes you may have fecourte to the Myfical Dream 
of Foepb, (as we find ic recorded tn Holy Writ) wherein he faw Eleven 
Sheaves of Corn, which fubmitted to a Twelfth greater than They, and 
placed in the mid#t of them. For Fmaperors, you may reprefent the an- 
tient Ceremony amongit che Rewans, when they created their Empe- 
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rors; which Micephoris Grtgoras mentions t6 this Effet. 4+-Theodo- ~ 


tus upon the Deveafe of bes Patber was hfted up wxpont a Bhéeld und acknow- 
ledyed as Emperor ; and Nlichael Pateologus was admitted to the Empire 
with the fame Cerenmny. Salitas Capitolinus Lith : || During this, Cafar 
Gordanus as kfted ap by the Soldiers, and feluted as Emperor, Arm- 
mianns Marcellinus alfo in se the Emperor xan, who was 
.faifed to the Sovereign Dignity by the Gace Troops; faith: That being 
FR upon the Shield of a Foot Soldier, and lifted up, be-was in the mid? of 
bhe iflent Medltitude pracksimed Emperor, and honoured with the Diadem. 
We find alfo in Ado df Viewra, that this Caftom wis likewife oblerved 
athonett ‘the Gavis at the Oreation of their Kings; for he fpeaks to this 


Effed : Sipishert was put apon # Buckler after she manner of the Coun 


try, and proclaimed King th Prejudice of bis Brother Chilperic. And 
we find in Aurelius Cuffedorus, thax this Tame Ceremony was in Vogue 
amonph the Goths; for {peaking of tt ‘he faith: ¢' That the ancient Goths, 
their Fathers, bad created their Kengs according to the Cuftom of their Hn- 
cefirs, i iting » them dd _ & ne in ‘the adenae of drawn Swords. 


+ Nic. ‘Greg. Bik. Rom. Lib. ITI, Page 25. a Lib. 1V 


J}-Yal.-Capie, in tak, & Deb. tA wr. \cafl Lib, X, Var, Spit, XXL : 
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This Ceremony, I fay, may be properly applied to the Coronations of 
Crowned Heads: Reprefenting the King or Emperor by a Statue made 
up of Artificial Fires, and elevated upon a Shie/d; which may ferve as 


.an Hieroglyphic 3 denote the Warlike Genius of the Sovereign, and his 


Invincible Prowefs which had raifed him to that fublime Pitch of Glo- 
ry; or at leaft it may ferve to admonifh and excite him to an Ac- 
quifition of that Heroic Virtue which is fo neceflary for the Defence 
and Prefervation of his Dominions. Or inftead of this, He may be 
fupported by the Armorials of particular Provinces and Cities, which 
will be the painted Voice, or perfect Reprefentatives of the Will or 
Choice of the People; but in the ordering of this Article, our Pyrobo- 
diff muft exert his good Senfe and Judgment, by doing nothing that may 
fhock or give Offence to the Conftitution of the Kingdom. Or you 
might upon the fame Occafion erect a Column, furmounted by an Im- 
perial Crown or Royal Diadem with this Infcription Current:, or to the 
Foremoft. This Device alludes to an ancient Cuftom eftablifhed amongft 
the Poles, after the Death of Premiflaus or Lefcus the Firft of that 
Name; for great Feuds arifing amongft the Grandees of the Kingdom 
who contended for the Crown, and none being able to think of any 
Way of deciding their Pretenfions, each of them perfifting obftinately 
in his Claim; the whole Affair was thrown up to the Difpofal of For- 
tune; and to that Purpofe it was ordered that they fhould all appear 
mounted upon Horfes, and ride a Race for the Crown of Poland, which 
fhould be conferred on him who firft reached the Goal. Now to ‘tell 
you by what Stratagem one of thefe Competitors, called Le/cus, won the 
Prize ; or to give you a particular Relation how he got Iron Bars laid 
under the Sand, to throw down the Horfes of his Colleagues of the 
Race, referving only a clear Path for himfelf, which he knew very well; 
I fay, to dwell particularly upon this, is none of my Bufinefs; and thofe 
who would be farther informed upon this Head, may turn over Martin 
Cromer’s Hiftory (Lib. Il.) of the Wars of Poland. To this I fhall only 
add, that fuch an Emblem may be applied to fignify the Good Fortune 
of the Perfon raifed to the Scepter or Crown; or to any particular 
Power over the People ; but more efpecially if the King is proclaimed 
by the unanimous Confent and general Voice of the Nation, and as it 
were Elected preferably to a Number of Competitors who ftood Candi- 
dates for the Sovereign Sway. This the prudent Pyrodoli/ will know 
how to accommodate or adapt to the State of Affairs. 

Princes likewife may be very feafonably reminded at fuch Times of 
the Viciffitude of all fublunary Things, and the Incertitude of Profpe- 
rity, by a Sight of the Wheel of Fortune, which may be made after the 
manner of one of the Wheels we have given you above. This Emblem 
was exhibited lately at Copenhagen, at the Coronation of Frederic the 
prefent King of Denmark; and I think it very proper on fuch Occa- 
fions ; for (as Pythagoras {aid) Life is no other than a Wheel or Circle of 

| Good 
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Good and Evil. The Wheel then is a proper Emblem of Fortune; by 
which is meant Divine Providence; as we are taught by 4p, who 
being interrogated by a Perfon, who asked him what Gop did? He 
replied (very much to the Purpofe) He abafes the Lofty, and raifes up 
the Humble. To which we may add the following Words of the Sacred 
Text: He hath put down the Mighty from their Seat; and bath exalted 
the Humble and Meek. Again; remember the celebrated Sentence, which 
fays, That Human Things area Circle. And that other: The Mutability 
or Viciffitude of Things 1s very pleafant to Man. 

You have for the fame Occafions another Reprefentation of Fortune, 
{tanding upon a Ball, and fpreading out a Sail {welled by the Wind, and 
with her Hair flying about in Fig. 203. Thereby to fignify to thofe 
Perfons who are raifed to the Honour of Governing, and bearing Rule 
over Nations ; that their Happinefs and Grandeur depend abfolutely 
upon the Divine Will; and that they are changable and unftable like 
the Wind, very doubtful and of fhort Duration; and to warn great 
Men not to fuffer themfelves to be mif-led by the falfe Appearances of a 
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flattering Fortune, but on the contrary,.to preferve an Equanimity — 


throughout their whole Conduct. 

The Figure which we have given you in the Frontifpiece of our 
Work, is a juft Emblem of the Vanity of all Worldly Honours and 
Pomp ; for what is a Man with all his Majefty, his Dignity and Power, 
but a Bubble formed and {welled out by the Breath of a Child, from a 
lictle Soap and Water? I fay, he is even lefs to be confidered than fuch 


a Bubble. You may then apply this to the Purpofes above mentioned 3 
and I cannot help thinking, that this Emblem drew its Origin from the’ 
Dream of Conftantine the Emperor, juft before the Turn or Change of 


his Fortune; wherein he thought, he faw a little Child taking very 
{mall Brittle Balls out of his Father’s Breaft; from whence he drew 


very melancholy Interpretations and Conjectures concerning the Mis-' 


fortunes which foon after overwhelmed him. 

When great Captains and Generals take the Field, with a newly-de- 
legated Command over the Armies of the State, the ingenious Pyrobo- 
iif? may apply to them the Ceremony of the Roman Chiefs of Old up- 


on the like Occafions; which, according to Servius Grammaticus, was 


thus: + As foon as the Commiffion was delivered to them, they en- 
tered into the Temple of Mars, and firft fhaking the { Ancilia, and then 
the Lance of the Statue, they cried out, Mars vigila; Mars, watch. 


As to the public Entries of Triumphant Emperors and Chiefs re- 


turned from War, you may reprefent a thoufand magnificent Fire- 
Works proper to fuch Occafions. But were I to expatiate upon the fe- 
veral Particulars, I fhould {pin this Chapter out to a very immoderate 


+ Ser. Gram. Lib, VIII, En. 
$ Ancilia, were a Sort of Hely Shields kept in the Temple of Mars, 
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Length: And therefore, though I have a very rich F ield before’ me, I- 


fhall only gather fome of the moft remarkable and principal Flowers for 
Ou. 

_ The Pyroboljft may then, upon fuch Occafions, reprefent every thing 
neceflary or requifite in a Triumph : Such as Triumphal Arches, Py- 
ramids, Obetisks, Trophies, Statues, Spoils of the Enemy, Colours and 
Standards of the Vanquifhed, the Captive Chiefs, with their Hands. 
chained behind their Backs; together with the Inferior Prifoners all 
Dirty, Dejeted, Squallid, and as it were half ftarved; and alfo the live- 
ly Reprefentations of the Towns which are taken. 

Again; you may prepare all the feveral Sorts of Crowns, fuch as (were 
formerly) the Golden Triuntpbal Crown, the Civic Crown of Oak, the 
Mural Crown Winged, the Vallarine and the Obfidional ; and in hort, 
the Naval or Roffral Crowns compofed of the Beaks and Prows of Ships. 
But that our ingenious Pyrodol/? may not wholly be a Stranger to the 
Pomp and Maghificence of the ancient Roman Triumphs, and that he 
may have proper Hints and Directions to work by, wher Occafion ofs 
fers, I have here tranfcribed what Fobannes Rofinus and Thomas Demp- 
terus have collected of this Matter from feveral Authors concerning the 
Roman Antiquities, Firft then Rofinus faith: + As to what immediately 
related to the Pomp of the Triumph it was much after this manner. The 
Emperor (according to $ Zonatas) being drefed in a Triumpbal Habit, 
adorned with Bracelets, crowned «1th Laurel, and holding a Branch of 
the fame in his Right Hand; be convened the People, and after having ap- 
plauded bis Army in general, and extolled private Merit in particular, be 
divided the Money and Spoils; to fome be gave Bracelets, to others Spear« 
Staves, fome were prefented with Golden Crowns, and others with Crowns 
of Silver, on all which were inferibed the Names of the Perjons; amd the 


_feveral Prefents beflowed on them bore an immediate Relation to the gene- 


rous and brave Atttons they had performed. For be that bad fit fcaled 
a Wall, bad a Mural Crown given to him; if be had formed fome Caflle, 
his Crown was futed to the Deed; tf be bad got the better in a Sea-Fight, 
be had a Naval Crown; and sf be had bebaved bravely in an Engage- 
ment of Horfe, he was diftinguifbed accordingly, But be that had faved 
a Citizen in Fight or in a Siege, or refcued bim from any confiderable 
Danger, was firft extolled tn the moft grateful Manner, and was after- 
tcards crowned with an Oaken Wreath or Garland, the Honour of which 
was reckoned vaftly to exceed that of allCrowns whether of Goid or of Silver: 
| Nor was Virtue rewarded in particular Perfons only, but whole Coborts 
and Legions were honoured with Prefents and Marks of Diftinétion. Thus 
gt great Part of the Spoils was divided among ft the Soldiery : There bave 
been thofe who have made Prefents to the whole Body of the People, and en- 
tertained them with Games at their own Charge; and if they bad any 


_- Rof, Lib, X. Cap. XX1X, mas + Zon, Lib, Uy 
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thing left afterwards, they laid it out in eretfing of Porticoes, Temples 
and other Public Works. Having difpatched this Bufine/s, and offered up 
@ Sacrifice, the Triumpher afcended bis Car, having thus prayed: 

O ye Gods, by whofe Nod and Command the Roman 
Empire has its Betng and Increafe, continue your favourable 
Protection of it, and preferve it. | _ *. oF 
_ Then be was drawn through the Triumphal Gate; being preceded in the 

firft Place by Trumpets blowing Martial Sounds: After them came the 
Oxen defigned for the Sacrifices, crowned with Wreaths and Garlands, and 
 fometimes with gilded Horns: Then followed a magnificent Show of Spoils 
and Arms, which being piled with wonderful Art were partly drawn in 
Chariots, and parth carried by Youths richly dreffed: Then fucceeded 
the Titles of the Conquered Nations, and the Images of the Fowns they 
bad taken; and fometimes the Spoils were interfperfed with frrange Ari- 
mals and Plants brought from the Conquered Country, and which bad never 
before been feen at Rome: After thefe followed the Prifoners taken in 
War, the Captains and Chiefs of them being bound in Chains : And after . 
them, immediately preceding the Emperor’s Chariot or Car, were carried 
the Crowns of Gold, with which he bad been complimented by Embaffes 
from the Cities and Provinces, as was the ufual Cuffom. Then came the 
Emperor bimfelf in a fumptuous Car, magnificently habited, and fhining 
in a Triumpbal Robe, crowned with Lawrel, and holding forth a Branch 
of the fame in bis Hand. The Triumphal Robe was Purple wrought with 
Gold, of which Pliny Lib. IX. Cap. XXXVI, and Lib. VIE. Cap. XLVIII. 
It was unlawful for any one to wear fuch a Robe as this any longer than the 
Ceremonies of the Triumph lafted, as we find by the Hiftory of Marius, of 
_ whom we read thus in Plutarch, (viz.) The Triumph being over Marius con-- 
ducted the Senate inté the Capuol, and whether he did it inadvertently, or 
whether be was elated by bis Succefs and good Fortune, be had the Infolence 
to appear in ibe midft of them with bis Triumphat Robe; but foon perceiv- 
ing that the Senate took Offence at it, he rofe up and laid it afide, with-. ° 
out making the leaft Difpute about it. Dionyfius Halicarn. /peaking of 
the Embroidered Purple Robe ufually worn by Kings, tells us, that it was ~ 
unlawful even for Confuls to affume it any more than the Royal Diadem; 
for (fays he) thofe Regalia or Enjigns of Royalty, were difallowed to the: 
Confuls ; becaufe they were apt to raife Envy, and were feemingly inconfi~ 
frent with Liberty: Indeed, upon Account of fignal Services, fuch as the 
obtaining aViétory, the Senate confented that the General fhould be adorned 
with Gold, and clad in Purple. As for the Crown of Laurel, you may 
confult Plin. Lib. XV. Cap. L. The Triumpbal Car was in Imitation of> 
around-Tower, and drawn moft commonly by Horfes, four in a Yoke or a: 
Breaft , but when Camillus ix bis Triumph afiamed White Horfes, he gave 
great Offence to the People, becaufe they were particularly Sacred to the 
_King-and Father of the.Gods. Some chofe to be drawn by Stags, and others 
by Lions. Underneath the Emperor they bung the Idol Palcinus } = 
| whic 
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which Plin. Lib. XXVIII. Cap. IV. {peaks thus:) The God Fafcinus was 
not only the Protector of Infants but of Emperors alfo; and by hanging un- 
der the Car defends it, and protects the Triumpher from Envy, and 
commands Refpect to bis Perfon; or it was applied to admonifh him to look 
back upon bimfelf, and confider that be was but a Man, though exalted to 
that high Pitch of Honour. Zonoras alfo faith, that a public Oficer was 
drawn with him, who food bebind him holding over bim a Crown richly 
adorned with Gems and precious Stones, and continually reminding bim to 
look back upon bimfelf, and confider what he was; and take Care of bim- 
Self for the Remainder of bis Life, and not be puffed up with Vain-Glory 
and Pride. To the Car they alfo bung a little Bell, and Rods or Scourges, 
by which was fignified, that be might fall under the fame Calamity, and 
might be torn with Rods, and condemned to Death. For be fath, that 
thofe who were condemned to any Capital Punifhment for a notorious 
Crime, ufed to ring a little Bell, left any one by touching them inadver- 
tently foould defile himfelf, and become a Sharer in their Guilt. Pliny 
farther faith Lib. XXXIII. Cap. VII. That it was the Cuftom for the Per- 
fon who Triumpbed, to paint bis Face with Vermtlion, as was done by 
Camillus, dut this Cuffom was afterwards laid afide: And to bave 
bis little Sons in bis Car, an Example of which be gives us in fpeak- 
ing of the Triumph of Emilius. He likewtfe admitted bis Kinfmen, if be 
had any, and his young Daughters tnto bis Chariot. And thofe that were 
full grown, were fet upon the Horfes. Or if there was a confiderable 
Number of them, they were drawn after him by fingle Horfes. Clofe after 
the Emperor's Car followed the Army both Horfe and Foot according to 
their Rank; and as many of them as had recetved Prefents from him as the 
Reward of their Bravery and Courage, carried their Gifts in ther Hands; 
the reft of them were crowned with Laurel, fhouting with Triumpbal Cla- 
mour, or chaunting Poetry upon the Occafion, or breaking fefts upon one 
another, or®the Spectators. Ibe numerous Croud of People which flocked 
from all Parts of the Town and Country to behold this mighty Proceffion 
were all decently habited, and moftly in White, joyfully congratulating each 
other, and applauding their Heroic Countrymen: And in Honour to the 
Gods, all the Temples were filled with Garlands and Crowns, and fet open 
as the Pomp paffed by. In this Order the Emperor being conducted in Sight 
of the Capitol, be at once guided his Car towards it, and at the fame time’ 
ordered the Captives to be carried to Prifon: Being come into the Capitol, 
be prayed to this Effect : : 
I return thee my moft fincere and hearty, Thanks, O. 
thou beft and greateft Fupster, and to thee O Fano his. 
Queen, and to the reft of the Deities the Protectors and 
Inhabitants of this Fane, in that it has pleafed you at this 
Day and Hour by my Hands and A@tions to preferve the 
Roman State; Perfevere in your Benevolence towards it as 
you 
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you have hitherto done, cherifh and profper it, I humbly 
befeech you. 


And then they offered up Sacrifices in the moft folemn Manner ; .and con- 
fecrated Golden Crowns and rich Pieces of Armour to Jupiter, which they 
bung up in the Capitol. And in the fame Place a Feaft was given at the 


Public Expence, and Money diftributed to the common People, Man by . 


Man; and what was left, was laid up in the Public Treafury. And a lit- 
tle afterwards: They alfo erected Triumphal Columns, Statues, Arches, 
and Trophies, and other Monuments, as may be learned from Plin. Lib. 
XXXV. Cap. II. Of Iriumphal Columns and Statues the fame Author 
will inform you Lib. XXXIV. Cap. V. VI. and VII. and Valerius Maximus 


Lib. II. Cap. V. Georgius Fabricius fpeaks thus of the Triumpbal Arches 


(in Roma fua Cap. XV.) Arches were formerly erected in Honour of thofe 
who had conquered Foreign Nations, or gained great Vittories for their 
Country: At firft, they were rude fimple Piles, when the Rewards of Vir- 
tue did not fiir up an unwarrantable Ambition. In fubfequent and more 
imperious Ages they were embellifhed with the Ornaments of Sculpture. 
They were either of Brick, like that of Romulus; or of rough Square Stone, 
like that of Camillus; or of Marble, like that of Cefar in the Forum; of 
Drufus with Trophies in the Appian Way; of Trajan, &c. The Arch 
was firft Semi-circular, and afterwards Square as it went downwards, fo 
that there was a vaulted Paffage through it, and on either Stde were ad- 
ded leffer Paffages or Pofterns. To the Vault of the middle Arch they bung. 
Vittory winged. Above this Vault there were Compartments or Pannels 
richly carved in Relief with Triumphal Reprefentations. This Magnifi- 
cence took Birth in the Reign of Auguftus, or a little before. 

Trophies were Trunks of Bodies, adorned with Military Ornaments and 
Arms, and fometimes with winged Victories, and a young Captive lying or 
fitting down before them with bis Hands tied bebind his Back. 

Sometimes the Triumphing Chief was drawn to the Cafzto/ by four 
white Horfes, as was done in the Triumph of the Great Scipio; fome- 
times by Lions, as Mare Antony: Pompey the Great and Caius Cefar by 
Elephants ; Heliogabalus by 'Fygers, in Allufion to Bacchus; and by Lions, 
alluding to Mars; or by great Dogs by an unparalleled and not-to-be- 
imitated Example: Add to thefe the Triumph of urelianus Auguftus, 
who to fignify the Cowardlinefs of the Enemy was drawn by Stags; 
that of Nero, who was drawn by Hermophradite Steeds ; and the Into- 
lent Triumph of Su/acus King of 4igypt, who was drawn by Captive 
Kings, as you may read in ‘fofepbus Book VIII. of his Fews/b Antiqui- 
ties Chap. X. Here you have Matter enough to employ your Genzus 
and Art; on one Side, you may imitate the Sacrifices, on the other Side, 
all the magnificent Apparel of a Triumph, (v:z.) Triumphal Arches, 
Pyramids, portable Statues, Trophies, Spoils of the — &c. All 
which you ~~ difpofe in graceful Order. 


scrr . If. 
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_ If thefe two Authors I have been now quoting have not {aid enough 


to fatisfy your Curiofity; hear what Appianus Alexandrinus faith of the 


Triumph of the great Scipio: Being all crowned with Garlands, and 
preceded by Trumpets, they conduéted the Chariots or Waggons laden with 
Spoils; they lkewife carried Wooden Towers, Images, and W; ritings or 


_Anfcriptions expreffing their fair Actions ; after which came the Gold and 


Sslver partly in rude Lumps and Maffes, and partly wrought or coined; 
thefe were fucceeded by the Crowns which bad been fent by way of Homage 
or Acknowledgment ; then White Oxen and Elephants ; and after them the 
Numidian and Carthaginian Chiefs that bad been taken in the War, who 
were fucceeded by the Emperor's LiGtors or Heralds richly clad in fine Purs 
ple; and after them a Croud of Minftrels and Singers after the Tufcan 


_ Manner, all crowned with Gold, playing and finging in regular Order ; in 


the midft of thefe was a Buffoon adorned with Bracelets, and dreffed in a 
Jong Gown trimmed with Golden Fringe down to the Ankles, who by bis 
Geflures, Grimaces, and Ribaldry infulted the Prifoners, and excited 
the Laughter of the Spectators. Then came the Emperor bimfelf fur- 


rounded by a Cloud of Incenfe and Odoriferous Perfumes; and drawn 


by White Horfes, having Crowns on their Heads richly fet off with 
Gems and precious Stones, and with Harneffes plated and fludded with 
Gold; the Emperor bimfelf fat exalted in a Gilded Car, babited ig a Pur- 
ple Robe after the Fafhion of the Country, finely embroidered over with 
Golden Stars, bolding in one Hand an Ivory Scepter, and in the other @ 
Branch of Laurel; and accompanied by bis young Relations, who were 
partly drawn with bim in the Chariot, or laid bold on the Reins of bis 
Horfes; the whole Procefion was clofed up by the Body of the Army crowned 
with Wreaths of Laurel, fome of them bearing Marks of Diftinttion as the 
Reward of their Bravery, and others figmatized by way of Punifhment 
Sor their Unworthine/i; for as they knew bow to applaud and diftinguifh the 
Brave, they alfo knew bow to brand the Timorous and Unmanly with Infa- 
my: In Allufion to which F«venal has this Satirical Fling. 


Lllinc cornicines, bine precedentia longi 
Agminis oficia, & niveos ad frena Quirites, 
Defofa in loculis quos fportula fecit amicos, 


In Bagh/: 


Trumpets Before, and on the Left and Right 

A Cavalcade of Nobles all in White: 

In their own Natures, falfe and flact’ring Tribes ; 
But made his Friends by Places and by Bribes. 


_ +» The Triumphal Robe was either embroidered, or powdered, over 


with Golden Stars, or elfe ftained or wrought with Palm-leaves; from 
| } _* whence 


———— age eee 
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whence it was called Palmated. Lucan {peaking of thefe in Book IX. 
Verf. 177, fings thus : 


———— Pittafque togas velamina fummo 
Ter confpecta Fovt. 


Martial alfo mentions it Lib. VIII. and Epig. 1. : 

Befides what we have here related, the Ancients ufed to carry the 
Names of Towns, Mountains, and Rivers in their Triumphs, together 
with folid Figures of Caftles, Cities, and Towers, which were com- 


- monly of Mafly Gold or Silver, and fometimes of Iron; but moft com- 


monly of Ivory, as we may learn from Ovid in Lib, de Ponto Eleg. IV. 
a turritis cinguntur eburnea muris, | 

in Engh ib : 
The Ivory Towns begirt with Towered Walls. 


~ And Claudian Lib. UW de Laudibus Stilich. 


Oftentarent fuos prifco fi more labore’, 

Et gentes cuperent vulgo monftrare fubaétas. 
Certarent utroque pares a cardine laurus, 
Hac alemannorum fpolis, auftralibus illa 
Ditior exuviis, illic flavente Sicambri 
Cafarie, nigris binc Mauri crinibus trent : 
Ipfe albis veberetur equis, currumque fecutus 
Laurigerum fefto fremutfet carmine miles + 
Hi famuli traberent reges, bi falta metailo 
Oppida, vel montes captivaque flumina ferent. 
Hine Libyct fratiis lugerent cornibus amnes, 
Inde catenato gemeret Germania Rheno. 


In Englifb : 


If ftill the Cuftom was in Pomp to fhow 

The Victor’s Glory, and the conquer’d Foe ; 

The North and South wou’d equally combine, — 

To make his Valour and his ConduG fhine. 

Here, fhou’d the Warlike German Spoils be fhown, 
_ And there, the richer Trophies of a warmer Zone. 

Here, the Stcambri with their Golden Hair, 

There fwarthy Moors with jetty Locks appear. 

He by white Sceeds be drawn in Godlike State, 

Whilft laurell’d Troops his Praifes celebrate ; 


Here, 
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Here, vanquith’d Kings be led with doleful Pace, 
There, ‘Towns in Metal wrought, the Triumph grace ; 
The captive Rivers and each captive Hill, 

In Model fhewn, confefs the Artift’s Skill : 

Here, Lidyan Streams fhou’d grieve with broken Urn, 
There Germany in her chain’d Réine fhou’d mourn. 


By this you may perceive that they ufed to carry the Images or Re- 
prefentations of Rivers laden with Chains, to fignify their Servitude. 


Ovid {peaks of this in Lib. IV. de Ponto. 


Squalhdus imittat fratta fub arundine Crines, &c. 


The ingenious Pyrobo/i/? may reprefent Rivers and Mountains alfo un- 
der Human Shapes in the moft fuppliant Poftures faluting the Conque- 
ror, and proftrating themfelves at his Feet: The Rivers may be exhi- 
bited as prefenting him with feveral Sorts of Fith by way of Homage ; 
and the Mountains may offer him their feveral Sorts of Ores in little 
Cars; but I need not fuggeft any thing farther to a fertile Invention ; for 
fuch will need my Affiftance no farther than barely giving a few Hints 
of this Nature. | 

The Captives who were led-in Triumph were chain’d by the Neck, 
the Arms, the Wrifts, and Legs: That it was the Cuftom to chain them 
by the Neck, may be learnt from Ovid's Art of Love, Book I. 


Ibunt ante duces onerati colla catenis, 
In Engh: 
The Chiefs thall march before, their Necks opprefs'd with Chains. 


As for the Handcuffs with which they ufed to fecure their Prifoners; 
we are informed, that they ufed to faften the Left Hand of a Soldier to 
the Right Hand of a Prifoner ; that if the former made any Attempt to 
efcape, the latter might have his Right Hand at Liberty to draw and 
ufe his Sword in cafe of need. Statius Lib. XU Thed. ver, 470, {peaks 
thus: 


Me Pietas me duxit amor depofcere feva 
Supplicia, & dextras juvat infertare catenas. 


In Enghip: 


Thro’ Love and Piety I met my Pain, 
And gladly gave my Right Hand to the Chain. 


Tertul- 
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Tertullian mentions the Fetters for the Prifoners Legs; in Lib. ad 
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Mart. where he fays, That the Leg feels no Pain when the Soul is in 


- Heaven. 
And Sid. Apoll. Carm. 2. verf. 179. 


De/piciens vafas tenuato in crure Catenas, 
In Enghfh: 
Defpifing pond’rous Chains which gall’d his meager Leg. 


_ But what appears to me to be the moft Shameful and. Ungenerous of 
all, was their fhaving the Captive Chiefs, as a Mark or Token of their 
a all he ; as Propertius obferves in £20. IV. Eleg. 12. 


T- sor majorum cineres tibi Rema colendas, : 
Sub quorum titults Africa tonfa jacet. 


In Engh: 


- Witnefs our Fathers Duft which we revere, _ 
T’ whom Afric yielded up her captive Hair. 


Ovid alfo fays fomething of it in Lid. I. Amor. Eleg. 14. 


Nunc tibi captivos mittet Germania crines, 
Culta triumphata munere gentis ers. 


In Engh/b: 


Now with new Arts, thou fhalt thy Pride amufe, — 
And Curls, of German Captives borrow’d, ufe. 


They likewife frequently drew their Warlike Machines 3 in thet Trr 
umphal Proceffions ; Witnefs Tit. Liv. Lib. 1X. Decad. III. fpeaking of 
the Triumph of Metellus; and in Lid. VI. Decad. IV. defcribing that of 


The ranfomed Citizens, Neighbours, Relations, and Kindred, &e. 
followed promifcuoufly after the Triumphal Car wich the Townfmen. 
Valerius {ays fomething to this Purpofe, Lid. V. Cap. Il. (viz.) That 


2000 Captives which bad been fold by Hannibal , followed ‘Titus Flaminius, | 


&c, Thefe, according to the Teftimony of Tit. Liv. (Lib. IV. Decad. IV.) 
were all fhaved. 

This is what I have thought proper to collect concerning the ancient 
Roman Triumphs, for the Ufe of our Pyrotechnician. - 1 thall now touch 
wpon — ai a Nemefis and Pallas ; all which may be 

Tere - See VEY 
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very properly introduced upoti Popular Refolciags ef the Score of War- 
like Atchievments, by adding to, eurcalling from, ot dlteFitis the feré- 
ral Circumftances belonging to them, according as Time, Places, Op- 
portunity and Expence willallow. =. id . 
. The Ancients reprefented the God Mars as all Fire and Flame ; fome- 
times drawn in a Triumphal Car, and at other Tinies advantddeoufly 
mounted upon a Warlike Steed; here he bore a Lance in his Hand, and 
there, a Scourge. He was commonly attended by a Cock; theteby t 
fignify, that Captains and Warriors ought to be perpetually upon their | | 
Guard, Vigilant In their Condudt, aid Ditlgent in thelt Enterprizes. 
-His Favorites and thofe who fhared the moft in his Efteem, were Ter- 
ror, Bear, Dyftord, Ve, a8 we find in Homer, Fhad. XIV. and Pirgil's 
fined. VIE. | _— *. : 
Triftefque ex JEthere dire _ 
Et fcifja gaudens vadst dfeordid palla, ° 
Quam cum fanguineo feqnitwe Billona flaselte. 
In Englifb thus : 
The Dire fowfe from Heav’n with quick Defcent, 
And Di:fcord dy’d ia Blood with Garments tent, 


«Divides the Prefs: Her Steps Bellona treads, | 
And fhalses hes Irem Rods abdve thes Heads, ———- Drpden, 


And 4inerd, XIL 


' Circumque atra Formidtnis ora, : 
Lreque Infidieque, Det comitatus aguntur, 


In Engii/b chus’ ox 
. Dire Faces, and deform’d, furround the.Car, 
_ Friends of the God; and, Followers of the. War. 
Starias enlarges his Train m Boo? UE of his YPed. vet. 426. 


Wrath, Terrof, Treafon, Tumult; and Befpair, | 
Dryden. 


Antti COME Putop, Thaghe tvs fad, 
" Fréna winiftrat dgeds Pao dligiv, dé ofgil mes 
"Fama fone; varlos reram fatciniha tiinuitus, 
Aimee velad cuppa. 


In Exglifh thus : | 
And mmble Fear disetts the Sary Seeds; 


—Whilft Fame flies on befere ta {pread abroad his Deeds, 
| | Soimé 


“x 
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Some have feighed thuc Far drove the Gharist of ts Warkiot God. 
| Gheadthn ist Bobk I; th Ruffin. , : 


.. Be gaieam Betlina wmibi, nex [gure +eArtin, 
.. ‘Tendt Pabvor, friencé celeres Fortids fagaks, — 


In Bngiif® tins: 


_. My Helmet tet Botiona brings Tertoa hy Ponced ft 
- - And patinie Fear, do chow; the rapid Drivét fic 


: "THe fadite Author #2 Laddidas Stikicoms. ~ « 


wo 


aus Olt Batri¥ Belloiia chuvnlun, 

Ditibus exuviis tendentem ad fidera quercum 
| Proecedit, Wiforgué Motus cum fratre Bavore: 
— Barbara ferratis, inntArnt cella catenis 

:: Kormido ingentem uibrat fuccintta firutin. 


In Englifh thus: 


Bellona {wift precedes the cruel Car ; 
Lifting on high an Oak sdnfpictrous froifi afae. 
Eis Lichor's Fear aid Dresd wich trembling Pace 
| Burpriae aint chiaiti che tade Barbarian Race. 
- “ Wiel Haggard Looks, and Robes faecind Afright, 
Wields an huge Polt-ai forttidably bright. | 


aden with Spoils, the Plundet of the Wat, -  S ¢ 


Some Writers tell us that Belkin wee che Sifter of Mari, and others, 
that fhe was his Wife; anda third Ciafy of ther, affure us, that the was 
both his Sifter afd Wife. She was reptefented with her Hair ditheveled, 
dad fprdd ever hér Shoulders, with 4 Totch i her Hand, as appears by 
Silims Bralens, BaRV. Pa | : 


Tyfa fatem Guatlent, of flottnt fariguine wiles 
| Bpatfid éoydam, médias avits Bellona perertat. 
he Dayl/h thus? 
- - Het Foret Bellona waving throiigh the Ai?, 

Sprittttes wich clortett Garé Her flaming, Hair ; 
And through both Armies up atid down does fly, | 
” Some reprefented hey with a Seythe: ist oto: Hazid, and @ Shield = 
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- Victory was pxtured under the Form of a winged Virgin, in act of 
{fpringing up into the Air; bearing in one of her Hands a Branch of 
Palm, and on her Head a Crown. By the Wings of this charming God- 
defs, the Ancients gave.us te underftand, that the Events of War are 
doubtful and ambiguous; or that the Purfuit of the Ambitious, who 
are for pufhing their Fortune to the utmoft Pitch, is not fo properly a 
Race, as a real and reftlefs Flight: Or elfe they gave her Wings, to 
fignify with what a fudden Swiftnefs fhe roams from Place to Place, 
from one Country to another to win the Ears and Hearts of Men. In 
Temples her Statue was ufually fupported by two others, who lifted and 
bore her up with their Hands. 

Her Robe was either’White; or dyed with Purple ; for as this, is the 
Symbol of Majefty ; * chat, is the true Emblem of Peace, and Hierogly 
phic of the Joy fhe inftils into the Hearts of thofe whom fhe pleafes to 
favour. 

Formerly likewife the was reprefented without Wings, and fitting 
upon a Ball. Some feign that by an extraordinary Prodigy the Wings 


Of the Statue of Victory were burned by Lightning, which gave a Poet 


Occafion to fay : 


Dic mibi Roma, alis cur flat Victoria lapfis 
Urbeys ne valet deferuiffe fuam. 


_ And indeed, I think Rome was in the right to deprive Vidory of her 
Wings, fince it was a Means to prevent her from going elfewhere. 

You may then make a Statue ftanding erect, and holding Vicfory in 
its Hands: By which upright Pofture, will be fignified ; That the Con- 
queror was not an heavy indolent Perfon, or one who would fuffer any 
Opportunity co flip by him, when he had a View of Conquett,” or al 
{natching Palms and Laurels from his Enemies: 
 Nemefis was the Goddefs of Vengeance, the Rewardrefs of Virtue, che 
Queen of Caufes, the Soveraign Arbitrefs of Difputes and Difagree- 
ments; and was held by the ancient Theologians to be the Daughter of 
Suftice. Her Statue alfo was winged, and trod upon a Wheel ; becaufe 
of the wonderful Swiftnefs of her Action. Sometimes the had a Bridle 
in one Hand, and the Meafure of an Ell in the other. This may be 


very futably applied, when any Prince or great Captain has obtained a 


fignal Victory over Rebellious Subjects, the Violators of Peace, and Di- 
fturbers of the Public Tranquility ; to the end that fuch Evil-difpofed 
Perfons may learn by this Emblem, That God is the fure and juft 


_ Avenger of Crimes, and .that. he leaves no Perfidy unpunithed; and be 


warned another Time, how. they attempt to exceed the ae pre- 
{cribed to them by Eternal Providence. 


Minerva or Pallas is ftiled by + Cicero, the — of Wars. 


ze | "= Cie. Lib. V. de Natur. Deor, Cap. XV. | 
ae. . She 


\ 
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She was pictured with a Pomegranate in her Right Hand, and an 
Helmet in her Left, according to the Teftimony of Celus: For there 
are two Things which preferve a Republic (namely)'The Union of Hearts 
and Minds, which is figured by the Grains in a Pomegranate : And, Rea- 
dinefs to defend it upon all Occafions, which is expreffed by the Helmet. 
An Helmet born in the Hand, and not upon the Head, fignifies; That 
a brave and generous Prince covers his Country, and not his Head ; that 
is, That he protects his Subjeéts, and maintains the Public Intereft joint- 
ly with his own, at the Hazard of his Life: And therefore it is, that in 


Phyfic Gardens you fee a Scipio with a World at his Feet, covered by; 


his Head-piece. | | 

As much may be faid of Peace ; a Goddefs to whom the Ancients con- 
fecrated the Olive-Tree: It was from hence that Ovrd framed a plea- 
fant Fiction in Book VI. of his Metamorph. Fab. I. Where he fays, 
“ That a Contention arifing between Minerva and Neptune, about giv- 
“ing a Name to the City of Athens; which put the Affembly of the 
“ Gods to.a Stand, not knowing on which of the Two to confer the 
“ difputed Honor: Neptune, to win them over to his Intereft, ftruck 
“ the Earth with his Trident, and caufed a Horfe to rife up from it: 
“© Minerva, on the other hand, having the fame View with Neptune, 
“ caufed an Olive-Tree to fpring forth: Thefe fupernatural Producti- 
“ ons being the Emblems of Peace and War, the Synod of Deities gave 
“ their Voices for Minerva, and fo decided the Controverfy.” By this 
Poetical Story we are given to underftand, ‘That Peace is infinitely more 
defirable than War; and that the Laws of the former are more plea- 
fant and light, than the Yoke of the latter, which renders Life bur- 
thenfome and fad. You may have Recourfe to this Emblematical Fi- 
&tion, when any Prince has put an End to Wars, whether Foreign 
or Domeftic, which had harraffed his Country, and opprefied his Sub- 
jects. 

The Dove with an Olive-Branch in her Bill is a true Symbol of 
Peace; and indeed it is what the Soveraign Head of the Roman Church 
(Innocent X.) has chofen for his Armorial Enfign; from whence fome 
Men conjecture that God will be pleafed to re-unite the Chriftian Prin- 
ces, under the Pontificate of this Spiritual Chief, and reftore Peace td 
his People who have for fo many Years paft groaned beneath a Load 
of Mifery ; and who with for no Favour with fo much Ardency, as the 
Bleffings of an univerfal Pacification. 

Now with regard to the Olive, the Romans were wont to reprefent 
Peace with a Branch of it in her Hand; or elfe with Ears of Corn; 
and crowned her with Laurel. Sometimes Painters and Statuaries 
placed a Rofe, and at other times a Caduceus or Wand in her Hand. 

The greateft Attendant, and moft intimate Affociate of Peace, was 
Felicity or Happinefs; who was pictured as a Woman feated upon a 
Royal Throne, holding in her Right Hand a Caduceus, and in her Left 
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a Horn of Plenty +. For it is moft certain, That the true Happinefs 

or Welfare of any State confifts in a perfeé&t Union between the Prince 

and People, and in the Fertility of Soil, which can never be fo well 
cultivated as in Times of Peace. 

- Thefe Statues may particularly ferve by way of Decoration, to Tre 

umphal Arches, and other Artificial Stru€tures the Engineer may erect 


Fig. 20s.or they may be placed upon Pedeftals, as you fee in Fig. 205. 


When any great Admiral fhall have obtained a Signal ViGtory by 
Sea, you may reprefent a Triumphant Neptuse upon the Water, drawn 
by Sea-Horfes ; crowned with a Naval Diadem; darting a Trident 
with his Left Hand; and in his Right holding a Ship, with her Sails fee 
to the Wind; upon whofe Prow, Hoxaur may appear, under the Form 
of a Youth; decently clad; crowned with a Wreath of Laurel; and 
bearing a Scepter in his Right-Hand, and a Pike in his Left: Virtue al- 
fo may be feated at the Helm, under the modeft Garb of a Matron; 
tho’ fhe was anciently reprefented by a young Man. Neptune may be 
on all Sides furrounded by a Number of Nymphs, Nereids, and Sea- 
Monfters, blowing in Conchs and other Sea-Shells, and in a& of pre- 
fenting Crowns to the Brave who thirft after Glory. In fhort, our En- 
gineer will have a fertile Field before him, when the Celebration of 
fuch Occurrences requires him to bend his Invention this Way. 

We are informed by Hiftory, That Dus/us was the Firft of the Ro- 
mans who triumphed for a Sea-Victtory. Valerius Maximus tells us ; 
“« + That whenever Duilins went to any Entertainment, he had a ‘Torch, 
“ or fome other Light, carried before him ; and that, Supper ended, he 
« returned Home with the fame Equipage, and preceded by Trumpets 
“ and Minftrels; by which Nocturnal Ceremony he chofe to exprefs a 
“ remarkable Succefs in War.” 

Upon the whole, you muft know that Neptane obtained the Watry 
Empire, for his having been the firft Inventor of Navigation, for his 
having built the firft Ships, and fitted out the firft Fleet, of which (fay 
they) he was appointed Commander tn Chief by Saturn. 

But before I clofe up thefe ‘Friumphant Reprefentations, F cannot for- 
bear entertaining you with a Defcription of that artificial and wonder- 
ful Piece of Machinery exhibited at Parts, upon the Victorious Return 
of His Moft Chriftian Majefty Louts XIII. from the Siege of Rochelle in 
the Year 1628; and which was contrived by Heary Clarmer of Norim- 
berg, one of the moft celebrated Fire-Engineers of our Age, and whom 
aa taken an Opportunity of mentioning in the foregoing Part of 
this Work, Paul Grodickt, one of the beft Engeneers in Poland, {peaks 
of it to this Effe@. “ The Artz had ratfed an Artificial Rock in the 
“ middle of the Sein; which appeared inacceflible, for the Dangers 
« which feemed to furround it; and frightful, becaufe of its Precipices: 


+ Plin, Lib, XXXV. ¢ Vah Max, Lib, 1, Cap. VI. 
| «To 
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‘“« To this Rock he chained a Naked Virgin, about whom were {een 
‘« ‘Nymphs running up and down in a confufed Manner with lighted 
** Torches in their Hands, and bewailing the rigid Fate of the Captive 
“ Maid. At length, there appeared a dreadful Sea-Monfter, of enor- 
mous Gate, vomiting Fire and Flame in fuch abundance, and in fuch 
* various Redundancy, that he was equally the Dread and Admiration 
of the Spectators: This prodigious Creature was carried by the 
*© Stream towards the Rock, with feeming Intention to devour the Vi- 
“ Gim defigned for him; but at the Inftant he had reached the Rock, 
“ and was eagerly moving on towards his Prey, a young Heroe appeared 
«© in the Air, advantageoufly mounted upon a winged Steed ; who cow- 
‘© ring down with the Reins upon his Neck, and fowfing dire€tly 
*“ upon the Monfter, the Heroe ran him through and through with 
* his Spear’; and from the Wound there ruthed out 2 prodigious Quan- 
“ city of Artificial Fires. In fhort, the Rock, the Monfter, the Heroe, 
“ and the Maid, &c. were made up of Artificial Fire-Works, which 
plaid inceffantly for feveral Hours. Amongft other Things, he re- 
** prefented the Arms and Name of the fubjugated Town in Fiery Cha- 
“ racters; together with the Royal Name of the King, and whole Sen- 
tences of Triumph and Glorious Import; all which were feen {cat- 
‘< tered up and down in the Airy Expanfe.” | 

' This fine Piece of Machinery was derived from the Story of Andro- 
meda, the Daughter of Cepheus and Caffope, King and Queen of 4ithio- 
pia, who for her Mother’s Pride and Vanity in boafting that fhe fur- 
pafled the Nererds in Beauty and Comlinefs, was by them taken, and 
bound to a Rock to be devoured by a Sea-~Monfter ; but Perfeus happily 
paffing that Way in his Return to his own Country, delivered her, car+ 


ried her away with him, and married her. Propertius mentions this in 
Book Il. | 


Andromeda monftris, fuerat dedicata marinis, 
Hac eadem Per fei nobilis uxor erit. 


In Exglifh to this effect : 


T” a direful Monfter of the Océan Str¢am, 
Andrameda expos’d; a helplefs Prey ! 

Perfeus the deftin’d Virgin did redeem ; 
And bere the fuccour’d Maid his future Bride away. 


Te muft be allowed, that the Thought of the Engineer, throughout 


this whole Piece, was extremely juft and natural, and moft pertinendy 
adapted to his. Subject; for the King was reprefented by Per/euss the 
winged Steed, or Pega/us, gave us to underftand the martinl and adtive 
Genius of that great Prince; Andromeda was the true Type of the Ca- 

tholic 
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tholic Religion, at that Time opprefled by the Proteffants of Rochelle ; 
the Rock bore allufion to the Town of Rochelle itfelf, and futed very 
well with the Etymology of it. In a word; the Monfter deftroyed, and 
Maid delivered by Perfeus, figuredto us, the Re/foration of the Catho- 
lic Church, which had been doomed to Deftruétion by the Proteftants, 
and the Suppreffion of their Herefy, and their Reduction to Servitude 
and Obedience. 

This Fable may be very naturally applied, when any great Captain 
fhall have compelled an Enemy to raife a Siege, and obliged them to 
quit any Place or Fortrefs, which they had obftinately attacked; and 
reftored Peace to thofe who thought themfelves upon the Brink of - 
Ruin. 

The conquered Cities may be reprefented by young Damfels, or ve- 
nerable Matrons (provided the Female Sex agrees with the Name of 
the Place;) who may be placed in fome great Gate-way, as it were 
faluting fome Hero drawing near, and fhewing him, how all the Gates 
are opened to receive him; that the whole Town is devoted to his In- 
tereft, and that he has nothing to do but to take peaceable Poffeffion of 
it. This (as we are informed) was lately done at the Surrender of Grave- 
linnes, one of the prettieft Maritime Towns in all Flanders, which was 
befieged and taken by the Duke of Orleans. 

But who is he that can give fufficient Inftrutions in any Art, to fa- 
tisfie the entire Bulk of his Readers? Do we not fee every Day New 
Additions and Improvements tacked to old Inventions? And what was 
unknown to our Fore-fathers is now fo common amongft us, that one 
is almoft afhamed to dwell upon it. In our Days nothing is acceptable 
but what is New, difregarding every Thing which has been formerly 
feen or performed. And therefore I fhall have done with the Subject 
we have been here handling, and fhall leave what elfe might be faid of 
it, and whatever can be drawn from what I have here inferted, to the 
Fancy and Difcretion of the Perfons whoare led by their Genius or Pro- 
feffion to cultivate our Art. Proceed we now to the Vigils or Fe/fi- 
vals; and let us take in Hand the Fire-works which may be properly 
applied to the Celebration of thofe Solemn Occafions. 

But I mutt here obferve, that I believe our Recreative Fire-works and 
Bonfires derive their Origin from a certain Ceremony amongft the 
Ancient Romans, upon thofe Feftivals which they held in Honour of 
their Falfe Gods. I hall therefore here produce the Teftimony of 
feveral Authors, for your Information in thefe Ancient Rites, and to 
illuftrate the Pomp of their Artificial Fires; but before I enter upon 
this, I muft premife a few Words. 

The moft famous of all the Games in vogue amoneft the Ancients, 
were thofe which they called Secular: If you would know the Origin 
of them, you may confult Valerius Maximus Lib, Il. Cap. 4. and other 
Authors. They were called Secular Games; becaufe they were cele- 

_ brated 
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brated once every Hundred Years, which they commonly computed to 
be a Seculum or Age. Valerius Publicola, who was the firft Conful after 
the Abolition of the Kingly Government, was alfo the firft that infticu- 
ted and celebrated them. But the laft that held them was Septimius Se- 
verus with his four Sons, all of them exalted to the Confular Dignity ; 
for Zofimus affures us, they were never revived afterwards; becaufe the 
End of the fucceeding Age was ruled by Conflantine Chriftianus and Li- 
cinius. But Orohus Lib. VI. Eutropius Lib. YX. Zonoras Lib. Il. and 
Eufebius Lib. VI. affirm that the two Péilips (the Father and Son, who 
are thought to have been the two firft Chriftian Emperors) held them at. 
Rome with a great Concourfe of ‘fews above a thoufand Years after 
the Foundation of the City. Pope Boniface was the Firft who in Imi- 
tation of the old Romans, inftituted the Chriftian Secular Year, (which 
we now call the Great Fubilee :) This he did in the Year 1300, under 


the Reign of the Emperor Albert. (See Sobn Vall. Lib. VIII.) After- 


him Pope Clement the VI, at the earneft Sollicitation of the Romans, 
ordered the Myfterious Ceremonies of the Fuds/ee to return every Fif- 
tieth Year, and accordingly began with the Celebration of it at that 


Term in the Year 1350, under the Reign of the Emperor Charies the. 
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IV. In thort, Pope Xy/fus the II inftituted the Obfervance of it eve-. 


ry 25 Years; which he confirmed by his own Example in the Year. 
1475, under the Reign of Frederic the III. To conclude, the Roman: 


Catholics celebrate it this prefent prefent Year 1650 under the Pontifi- 
cate of Innocent the X, at this Day the Head of the Roman Church, 
and under the Reign of the Emperor Ferdsnand the III. Thofe who 
would know the Ceremonies ufually practifed in the Solemnization of 


this Myfterious Feftival, may confult our famous Annalift Paulus. 


_ Piafecius Bithop of Premiflaw, who was at Rome in the Pontificate of 
Urban the VII, where he carefully obferved whatever he faw worthy 
of Notice; but if you would have the frefheft Accounts relating to this 
Matter, you may be informed by thofe who return this Year from 
Rome; for the Ceremoninal varies confiderably every Time. But let 
us now return to the Secular Games obferved by the Ancient Ro 
mans; from whence to gather fome Hints relating to the Decoration 
of our Artificial Fire-works. Firft then Rofnus {peaks thus. -} The 
Time for celebrating the Games drawing near, Meffengers were difpatch- 
ed to all Parts of Italy to convene the People, and invite them to be 


prefent at thofe Games, which had never been feen before, and perbaps 


never would be feen again. Being then affembled, and the Feltival near 
at Hand; fifteen grave Perfons were prefented to the Public, whofe bufi- 
nefs it was to offer up Sacrifices in the Capitol and the Palatine Temple, 
and who being feated upon an Eminence, diftributed the Offerings to the 
People; which were no other than Torches of Pine-Tree, Sulphur, and 


+ Rof. Lib. V. Cap. xx1. 


Xxxx | | “Bitue 
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Bitumen ; but Servants and Slaves were extluded from thefe Preéfents, 
and it was unlawful for them to accept of any. Befides the Places al= 
ready mentioned; the People affembted in the Temple of Diana upon the: 


' Aventine Hill, where :t was the Caftém to give them Wheat, Beans, and: 


Barley. Then they began to watch as ufual in the Sacrifices and Rites of 
Ceres. The Day being come, they repaired to the Banks of the Tiber, 
where they remained three Days, and three Nights, wholly intent'upon the 
Sacred Ceremonies. After thefe Preparations they offered up Sacrifices to 
Jupiter, Juno, Apollo, Latona, Drana,. the Fates, Ceres, Pluto, and 
Proferpine &c. To: this purpofe the Prince upon the Second. Hour of the: 
Firft Night caufed three Altars to be erected, upon which be offered’ up 
as many Lambs, andwith bim the Fifteen Venerable Men, and having: 
Jprinkled the Altars with Blood, they burned the Victims together. This 
done; they raifed a kind of Theatre, and lighted up a great' Number of 
Fires, Torches, and Lamps; and fang Hymns adapted: to the Solemnity. 


and began to celebrate their Spectacles in. good Earneft; diftributing 


Wheat, Beans, and Barley, to thofe who aéted the Principal Parts; as: 
had before been done to the whole Multitude in general; On the Morrow 
they repaired to the Capitol, there to perform theufual Sacrifices; and 
then affembled in the Theatre, to fee the Games in Honour of Apollo and 
Diana. Upon the following Day the Noble Matrons went up tote Capi- 


tol, there (at the Hour appointed by the Oracle): to pray, to frequent the 


Banquets, and to fing Hymns according to Cuftom. In fhort; upon the 
Third Day they convened in the Temple of Apollo, on'the Palatine Al; 
where Iwenty-feven Boys'in ceremonial Habits, and-as many young Girls 
having both Father and Mother living, declaimed in'Greck and Latin: 
and fang Peans tothe Immortal Gods, recommending to them- the Safe- 
guard and Protection of their Empire and People. 

As for the Decennia, which were Games inftituted by the: Emperor 


Gallienus to be kept every Ten Years; Frebellius Pailio {peaks of thetri 


to this Purpofe. After a pretty confiderable Slaughter of Soldiers near 
Byzantium; Gallienus, asif be bad done fome mighty Feat, returned 
with the utmoft Precipitation to Rome, and having convened-the Senators? 
be celebrated the Decennia with new Sorts of Gaines, with ainite kind of 
Pomp, and with the moft exquifite Voluptuoufnefi. He fief went to the 
Capitol, attended by all the Senators, ‘Knights, and Soldiery, in white 
Habits; thefe were preceded by an innumerable Multitude of Men, Women, 
Servants, and Slaves, with Wax Flambeaus, arid lighted: Lamps: On 
each Hand were led in fine Order, an’ Hundred White’ Oxen with gilded 
Hlorns,and adorned with rich Silk Houfings andTrappings of various Colours. 
Oneither Wing alfo 200 white Lambs and 10 Elephants (which were then in 
Rome) and 1209 Gladiators magnificently babited under the Difgusfe of 
Matrons, all fhining. with Gold, together with 260 Beafty of Prey of fe 
veral Sorts, finely adorned; W. aggons full of Memtcs and- alt kinds of 
MAitors; Boxers, Sighting foam Battles; Fellows counterfeiting the Cy- 

clops: 
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clops: In fort, it was wonderful to fee them, and nothing was to be heard 1p 
on the Way but Shouts and Clamour. The Emperor, in the midft of all this, 
appeared with the embroidered Robe, and palmated Tunic, attended (as we 
have faid) by the Senators, Priefts, Sacrificers, &c. in their ceremonial 
Habits. With this Eqaipage he moved on towards the Capitol, having on 
each Hand soo gilded Spears or Halberds for bis Body Guard; together 
with 100 Enfigns,. anil the Banners, Gonfalons,. and Streamers, of the 
Colleges, Halls, Temples, and’thofé of all the Legions. To thefe fucceeded 
a-vaft Croud of People, dt/guifed like Goths, Sarmate and Perfians, who 
marched at léaft'200' in a Troop. 

Thefe it muft be owned'were mighty fine Diverfions, and highly de- 
ferving the Attention of fuch great Men: But. let them go. on after 
their own Fancy without Contradiftion ; and’let us leave it to the Py- 
robolift, to pick: and choofe what can anfwer to. his purpofe.from thefe 
Whims; whilf€ we take another. Subjeét in Hand. © 

As for the Feafts or Revels of Bacchus, which were commonly pra+ 
ctifed in the Night-time, we find great Variety of them amongft Au- 
thors; but particularly in - St. Augufim, who tells us in his City of 
God, That not only the Romans (who held thefe mad Frolics in great 


Veneration) but that alfo the Greczans obferved them with the moft hor- | 


rid Excefles and Infolencies imaginable ; running up.and down the 
Streets and public Places of the City, like Madmen, bearing Torches 
and Pitchers of Wine which they drank of without Meafure; but for 
the other- infamous Cuftoms committed at that Time,, I will not fully 
my Page with any Rehearfal of them. However, in procefs of Time 
the Romans grew weary of them, abolifhed them, and banifhed them 
from their Republic, and enacted fevere Laws againft them, and or- 
dained heavy Punifhments- to be inflicted: upon thofe, who fhould ever 
attempt to revive them in any Part of their Empire. Alexander of A- 
lexandria tells us fomething. of the fame Nature, with Relation to the 
Games.-called Florala ; or which were celebrated:in Honour of Flora. 

Diana had alfo her Feaft-Days, which. commonly. fell: ont upon the 
Tdes of Auguft: The Days dedicated tocher, were obferved with Torch- 
es, Flambeaus and other Lights; as Wwe. _ in .Propertius, Book: II, 
Eleg, 32. 


— fed tibi me credere turba vetat,. 
Cum videt accenfis devotam currere tedts. 
‘In nemus, & Trivie lumina ferre Dea. 


Ovid alfo de Faft. 


Saepe potens voct frontem’ redimita coPonis 
Femina lucentes partat ab urbe ha 


¥ St. Auguft, de’ Civir, Dei, Libs X, Gap. ELIE 
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In Englifb thus: , 


Oft-times with Temples crown’d, and clam’rous Cry, 
The Woman bears the flaming Torch on High 
From out the City Gates. 


The Ancients alfo did fet Days apart in Honour of Ceres, whofe Fe- 
ftival was folemnized with burning Torches; becaufe the firft under- 
took the Search of her Daughter Proferpine, who had been carried off 
by Pluto the King of Hell. Laét#an. Firm. {peaks of it to this Effect : 
+ The Feaf of Ceres was celebrated with burning Torches; becauje fhe 
is faid to have lighted Torches on the Top of Mount Aitna, when fhe went 
an queft of ber Daughter, who bad been ravifbed by the gloomy God of 
the Infernal Regions. 'Thofe who aéted a Part in this Feftival, ran a- 
bout like mad People with Creffet-Lights of Sulphur and Dirt, as may 
be gathered from Fuvenal Sat. II. and Verf. gt. 


Taka, fecreta coluerunt Orgia teda 
Cecropian foliti Bapta laffare Cotytto. 


Lucius Ann. Senec. alfo: 


Tibi votivam matres Graja: 
Lampada jattant, 


In Engh/b: 
To thee the Grecian Matrons throw the votive Lamp. 


Thofe who would be particularly informed upon this Subjed, may 
confule Statius, Book VII. of his Theb. Verf. 412, and the fame Author 
Book XII. Verf. 132. Claudian, Books I. and III. Mart. Book II. de Nupt. 
Ovid's Epifile IL. from Phillis to Demophoon, &c. 

To thefe three Feftivals the Athenians added Lamps, which they 
vowed to Panathenaa, Vulcan and Prometheus. They held Vulcan to 
have been the firft Inventor of Fire, and to have taught it the Firft to 
Men, as we are told by [fer in Susdas by the Word aaurad@.. 

They not only ufed Torches and Flambeaus upon their Feftivals ; but 
alfo at the Initiations of all their Priefts and Sacrificers ; witnefs Hefod 
Lib. IX. and Fuvenal Sat. XV. 


p—— quis enim bonus aut face dignus; 
Arcana qualem Cereris vult effe facerdes, 


F La, Figm, Lib, 1, Cap, XXI 
And 
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And Statius Book Il. of his Thedsais; towards the End of it. 


Tuque Attea Ceres curfu cui femper anbelo, 
Votivam jaciti quaffamus lampada myfla. 


I will not here dwell upon the Feftivals and Days dedicated to Sa- 
turn, which were alfo celebrated with Lights, as we are told by Macro- 
bius +: But to all thefe we might add the Sacred Fires made of Straw, 
‘and lighted up by the Savages or Barbarians, over which they jumped 
three Times: Ovrd fings thus with regard to this Matter. | 


Tum licet appofita veluti cratere camella, 
Lac niveum potes purpureamque fapam 
Moxque per ardentes flipule crepitantis acervos 
Trajicias celeri_ftrenua membra pede. 


This Cuftom has defcended even down to our Days; for throughout 
all Poland, Lithuania and Rujffia, and in all their circumadjacent.Pro- 
vinces, this Cuftom is religioufly obferved; and even in France, the Po- 
pulace both Men and Women, Young and Old, aflemble together upon 
' the Eve of the Nativity of St. Fobn the Baprift, and after having light- 
ed up Fires in all the Crofs-Roads, they dance about.them, and jump 
over them in Token of Joy. + The great Olaus affures us, that the 
fame Cuftom was obferved in bis Time in Sweden. 

But we have faid enough of the Fires wherewith the Aovtonte ufed 
to celebrate their Vigils ‘and Feftivals. I might indeed enlarge confi- 
derably farther upon this Head, in Confideration, that we infinitly fur- 
pafs the Ancients, not only in Artificial Inventions, but alfo in Piety 
and Religion; however, left you fhould think I rather defign here to 
write a Book than a Chapter, I fhall take the thorteft Way of handling 
it, by faying nothing farther of it. Upon the whole, I deem it high 
time to touch upon the Artificial Fire-Works which are ufually pra- 
étifed at the Celebration of Nuptials, at Feafts, and public Affemblies, 
and Merry-makings of Friends, which are in the greateft Requeft at pre- 
fent: For to fay the real Truth of the Matter, the People of our Age 
are fo Clofe-hearted, and fo Backward in paying the Veneration due to 
the great Author of all our Good, that’ we can hardly perfuade- our- 
felves to be at any Expence in the Celebration of Holydays and Sea- 
fons fet apart for his Worfhip, in the Commemoration of his Saints; 


(God forbid it fhould ever be mixed with Superftition, feigned Devotion, - 


or Pharifaic Vanity ;) but on the other hand, we are fo liberal in our 
Feafts, fo profufe in our Superfluities, and fo prodigal in all our De- 
baucheries, that nothing is too Good, nothing too Dear, for us to be- 


_ $ Macr, Sat, Cap, VIL | ‘£ Ol. Lib. XV. Cap. IV, Hilt, Gen. Sept. 
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ftow on the Gratification of our unruly Appetites. But if you are de- 
firous of being furnifhed wich Hints towards the Preparation of Fire- 
Works for the Celebration of Sacred Seafong and Occafions, you may 
confult the Holy Writers, in whom you will find an inexhauftible Fund 
of Myftical Treafures: And therefore, if you fhould ever have an Op- 
portunity of exhibiting Sacred Fire-Works, you may have recourfe to 
the Infpired Text, or confult thofe who alone have the Power of intere 
preting it, and of explaining the Myfterious Secrets, which the Divine 
Majefty has been pleafed to couch under it. For my part, } thall pur- 
fue my Intention of treating on Human Vanities, by inftructing you in 
the Conftruction of fuch Fére-Works, as are ufually applied to Weddings, 
and the Caroufals of Friends, &c. 

We have the Teftimony af many confiderable Authors to inform us, 


- That it was cuftomary with the Greeks and Romans to folemnize their 


Marriages, and public Entertainments with Fires, We find their Poe- 
tical Works almoft every-where interfperfed with thefe Terms, (vzz.) 
Teda or Faces fugales, Faces Legitima, Tade Geniales S Fehe; that 
is, Nuptial Torches, Legitimate Torches, &e. Clgudian fings thus, 
Book Il. in Ruffin. | 


\ 


were dletta hic pignoracerte | 
Hic damus, hoc proprium tedis genialibus omen. 


The fame Author again, 
Cum tibi prodiderit feftas nox pronuba tedas. 


_ And inan Epithalamium of Honorius and Maria. 


Tu fefas Hymenca faces ut Gratia fore 
Blige. 


Senaa the Tragicomcedian, 


Et tu qui facibus legitimis ades 
 Noétem difcutiens aufpice dextrd, 


Ovid alfo Fafor. Il. and elfewhere. 


Conde tuas Hymenac faces, & ab ignibus atris 
Aufer, habent alas mafia fepulchra faces. 


in Engh : 


Go Hymen, ftop the long-expeCting Dames, 
And hide thy Torches from the difmal Flames, 
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Thy Prefence would be fatal while we mourn; 
And at fad Tombs mutt other Tapers burn. 


Now in order to acquaint you, what the ancient Poets underftood 


by thefe Fires and Torches; we will give you the Expofition of + Fe-- 


Jtus concerning it, (v#z.) Torches were carried before the Nuptial Pair 
1m Honour of Ceres, and the Bride was wafbed with Water, that fhe might 
appear the more pure and chafte te the Bridegroom; or they thereby figni- 
fied, that fhe was obliged to go through Fire and Water (as we have it in 
Englifh) with ber Husband. 7 

Latiqutius Firm, gives us other Reafons for it, (viz.) + Thee two 
admrable Principles (meaning Fire and Water) bave two Diametrically- 
different Properties and Effects, (viz.) Heat and Moifture, by means of 
which God produces and fupports all created Beings. Anda little lower: 
One of thefe Elements is asit were the Male, and the other, the Female, 
the one is ACtive, and the other Paffive: And therefore it was that the 
Ancients introduced the Ufe (or Sacraments as the Original has it) of Fire 
nd Water to ratifie and confirm Marriages; and the rather, becaufe eve- 
ry Thing that bas Life is compounded of Heat and Moifture; and thus as 
every Animal is made up of a Spirit and a Body, the Body conffts in Hu» 
midity, aud the Spirit or Soul im Heat. 

The Wood of the Pine was the moft frequently ufed for thefe Torches, 
witnefg Ovid Book II. Faftor'. 


Exoptat puros pinaa teda Deos; 
In Englifh thus : 
H’ implores the Sacred Gods with Torches of the Pine. 


Plutarch tells us they were ordinarily cartied by five Youths amongft 
the Romans; but with the Greeks, the Bride’s Mother bore them her- 
felf, as we are told by Dempfterus: But I thall dwell no longer upon 
this, and fhall haften to the Pyretechyic Works, which may be properly 
applied to the Solemnaization of Nuptials, a 

Ineed not tell you that Marriages are Seafons entirely devoted to Joy 
by the Friends of the contracted Parties, and celebrated by their Rela- 
tions.and Parents, &c. with certain mutual Liberties, and a thoufand 
innocent Paftimes, Games, and Diverfions, which are fo peculiarly 
adapted to fuch Occafions, that it would be highly improper to prattife 
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them at any other Time. And therefore fince all decent Liberties are 


allowed in this Cafe, the Pyrodolift will have a notable Foundation to 


build upon. But here, if he would follow the mot general Rules that 


+ Feft, Lib, VI. $ LaGt, Firm, Lib, BI. Cap. X. 
| have 
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have hitherto been laid down with regard to this Matter: He mutt 
give the firft Place to Statues and Antics curioufly wrought, with 
which he may adorn Fabrics, fuch as imitative Palaces, Triumphal 
Arches, Caftles and Fountains, &c. Amongft other Decorations, he 
may reprefent a Funo, aVenus, a Diana, a Cupid, and all thofe lovely 
Deities, as well Male as Female, whom the blind-Heathens held to pre- 
fide over Marriages, Gc. and whofe Effigies you will find, or at leaft 
Defcriptions of them, in the poetical Works of both Ancients and Mo- 
derns. Now that I may lend a helping Hand to thofe who have not 
the Convenience or Opportunity of reading fuch Books (which are not 
always to be had eafily) and that our Pyrotechnical Novice may not be 
at a Lofs, or be put to the trouble of unraveling the Intricacies of thefe 
poetical Fictions ; I fhall here undertake to lay before him whatever re- 
lates to this Matter in the cleareft Light, and to illuftrate it to him in 
the moft lively and familiar Manner. | 
“funo, the Sifter and Wife of “fove, amongft many other Appellations 
and Attributes beftowed on her, by her Votaries was called Lucina; be- 
caufe they imagined, fhe opened the Eyes of Infants, and adminiftred 
Light to them as foon as born; from whence alfo fhe was called Lucelta. 
Or elfe the was called Juno Lucina, a Fuvando & Luce, (that is) from 
giving or helping to Light; wherefore it was, that Women called out 
upon her in the Pangs of their Labour. She was alfo ftyled Funo Fu- 
galis; either, becaufe the wedded Couple were under one and the fame 
Yoke, from whence the Latins called the Husband and Wife Conjuges 
or Yoke-Fellows; or becaufe of the Yoke which was ufed at the Cere- 
mony of their Nuptials. | 
Rofinus + defcribes her Statue thus: She was reprejented by a Woman 
feated upon aThrone; holding a Scepter in her Right-Hand, and having a 
Diadem upon ber Head, which was veiled in the Clouds; fhe was encom- 
paffcd all round by Iris or the Rainbow, which was called Juno’s Meffenger, 
uwherefore it was, that they figured the Iris, as a Maid-fervant, ready to 
execute the Commands of her Miftrefs. She had Peacocks at her Feet, 
on each Side of her, which were particularly called the Birds of Juno. . 
Diana, the Sifter of Apollo and Daughter of ove, was alfo called 
Luna and Lucina by the Ancients, who honoured her with many fine 
Attributes. They, amongft other Things, held her to prefide over 
Births, and the Chafe. The Women, as foon as delivered, facrificed 
to her, and made Veftments for her. The Hunters celebrated her Fe- 
ftival in Auguff, after a moft pompous Manner with Flambeaus, and 
Torches, adorned with Ears of Corn, as we find in Gratius’s Cynegetica.’ 


Spicata/que faces, facrum ad nemorale Diane 
Siftimus, & folito catult velantur honore, 


-{ Rofin, Lib, 1. Cap. VIL 


Book V. Of she Great Art of ARTILLERY. 


Ipfaque per flores: medio in dt vemee lucts 
Stravere arma facris. - 3 Cc : 


She was reprefented a the Form and Meen of a Woman, with 
her Hair loofe upon her Shoulders-; armed with Bow and Atrow, . and 
with her Forehead furmounted by a Crefcent. Sometimes the was 
pictured ina Hunting Habit, in full Chafe after a Stay. 

Cleobulus tells us, That fhe having one Day defired her Mother to 
weave her a Gown; her Mother (knowing her natural Imperfections) 
replied ; How is it poffible for me to make a Garment to fit you, fince 
your Form is fo prodigioufly given to Change? This may be very juftly 
applyed to Whimfical and Capricious Men, who ate as unftable and 
various as the Moon ; for in truth, they know neither Rule nor Mea- 
fure. 

Venus always fhared greatly in the Veneration and Efteem of the 
Ancients, as fhe was the Goddefs of Pleafure, Delight; and Generati- 
on. The Poets would make us believe, fhe was begot by a Spark or 
Seed of Fire which fell from Heaven into the Sea, and animated fome 
of the Froth of that Liquid Expanfe; thereby figuring (as Varro tells 
us) the great Power of Fire and Water when duly tempered together 
and united, 

She was fometimes pidured as a young and tender Virgin, rifing out 
of the Sea upon a Scollop-fhell. At other Times fhe appeared as a 
perfect, mature Woman, holding a Conch-fhell in her Hand, and having 
her Temples crowned with a Garland of Rofes and other Flowers. The 
Graces attended behind her, and Cupid and Anteros were on each fide 
of her. Here you faw her exalted in a Triumphal Car, drawn by 
Doves, in allufion to their Chaftity; and there, by Swans to fignifie 
that Love is contracted by Blandifhment, Candor,. and Sincerity ;. or 
that the Votaries of that Divinity are always outwardly Neat, Polite, 
and Genteel, but that they, are like Swans, Black within; or elfe, That 
forgetting they muft die they fing like thofe Birds _— on the very 
brink of Eternity. 

Again; fhe was naked ; to thew that an unbridled Voluptuoufnefs 
divefts us of our beft Drefs, and fends us away Empty-handed. © 

Phidias of Elis, that excellent Statuary, carved Venus witha Tor- 
toife under her Feet (as we are told by Plutarch in Pracept. Connub.) to 


admonifh Women by the Sloth of that Animal, to confine themfelves 


to their Houfes; and by the Silence of it, to learn Taciturnity. 
The Lot which fell upon Venus at Play was formerly reckoned the 
moft Lucky that could have happened (viz.) to have the Dies fall all 


upon one Side. This Statue then may be very proper in the public: 
Congratulation of any Prince, who has enlarged his Dominions by a 
Happy Marriage, or by an Advantageous Alliance; not _ the Affift- 


ance or Interpofition of Mars, but of Venus, , 
LZzZa | Cupid 
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Cupid was the God of Love, of Luxury, and all forts of Lafcivi- 
oufnefs. Servius defcribes his Statue thus, according to Rofizus. “‘ He 
“‘ was reprefented as a Child; becaufe he is no other than an intempe- 
“ rate. Defire of Things unclean and immodeft; and, becaufe Lovers 
“ do nothing but fool away their Time like Children. 

They gave him Wings; becaufe there is nothing lighter than the Mind 
of a Lover, nothing more uncertain than his Vows; nor any thing 
more changeable chan his Refolutions. They gave him feathered Darts 
in his Hand, to fignifie That the Sting of Repentance and Remorfe of 
Confcience follow clofe at the Heels of the Pleafures of Love; Or elfe 
to fhew the Doubrfulnefs of its Events, the Suddennefs of its Courfe, 
and Shortnefs of its Duration. This obliged Boétius to fing thus, in 
his Confolation of Philofopby, | 


Omnis babet bec Voluptas, 
Stimulis agit fruentes, 

_ Aptumque par volantum, 
Ubi grata mella fudit, 
Fugit & nimis tenact 
Figit ia corda morfi. 


In Englifd co this Effect. 


Love, whofe Empire knows no Bounds, 
Pleafes firft, and then he wounds : 

Like the Bee, this Infant-King, 

Has both Honey and a Sting. 


Philofratus has ravifhingly well exprefied the Power of this amorous 
Paffion. Plutareh calls him a Dictator, which was once the moft 
Eminent Office in the Roman State; and others call him a Soft Ty- 
rant. : | 

He was formerly mounted upon a Lion, to fignifie that he tamed all 
Things. : | | 

Philippus feigned, That he had torn the Thunderbolts out of the 
Hands of Fupiter, that he had {tripped Apollo; taken Mercury’s Wings 
and Caduceus from him; difarmed Hercules of his Club, Mars of his 
Sword, Bacchus of his Tiyrfas, and Neptune of his Trident; meaning 
thereby, That none is able to withftand the powerful Impreffions of 


Love. In truth, all thefe beautiful Fictions may be very naturally and 


gracefully introduced, in your Pyrodolic Edifices, if you have Judg- 
ment fufficient to guide you in the proper Application of them to 
Times, Places, and Perfons; but more particularly, upon the Mar- 
riage of fome Brave and Generous Warrior, who till then thirfted af- 
ter nothing but the Glorious Fruits of War; but is at length fmitten 

3 | by 


Boox V. Of theGreat Art of ARTILLERY. 


man, who fhall enflave him under the Influence of Sacred and Legiti- 
mate Marriage. To thefe may be added the fabulous Story of Herexles, 


which cells us, he was fo paffionately fond of the charming Queen Om- 


phale, that forgetting himfelf to be the mighty Hercules, he changed 
his Lion’s Skin for the Effeminate Drefs of a Woman; and employed 
himfelf in fuch Works as can only become the Fair-Sex; fuffered his 
Miftrefs to put on his Martial Habit and Accoutrements ; and what was 


_ farther extraordinary, was fo complaifant as to take Blows from her. 


Love was alfo painted as a Child, Bareheaded, and clad in a green 
Mantle, upon the Hems of which were feen thefe Words, Mors & Vita, 
or Death and Life, which are the ufual Boundaries of this Paffion, 
which for the generality runs into Extremes. Upon his Forehead he 
had this Device H/ftas & Hyems, or Summer and Winter, fignifying that 
Friendfhip and Love ought to be always the fame, and equal in Adver- 
fity as well as in Profperity.. His 8ide was laid open over-againft his 
Heart, where his Motto was exprefied, Longé & Prope, or Far and 
Near ; meaning thereby, thac the Diftance of Place from the Object be- 
loved, is unable to difunite the Hearts of true Lovers. 

The Graces, which the Greeks called Charites, tho’ they had no im- 


mediate Power at Weddings ; yet as they were the conftant Companions 


of the Goddefs Venus, I thall fay two or three Words concerning chem. 

They were reprefented by three beautiful young Women, holding each 
other by the Hand in fuch a Manner, that you faw only the back Part 
of the Firft, a Profil of the Second, and the Third turned her full 
Face towards you. Seneca explains this various Pofition of the Graces 
after a very Rational Manner in his Book of Benefits. Why ({ays he) are 
the three Graces faid to be three Sifters, and why are they Hand in 


‘Hand ? Some will have it, Thae the Firft is (he who confers Benefits; 


che Second, fhe who receives thems; and the Third, the who returns 
them; for ic is certain that one good Action begets another; one Fa- 
vour, draws Thanks after it, anda grateful Return of another Favour; 
and thus between Beneficence and Gratitude, you have a perpetual Cir- 


_ cle of good Offices and Favours, reciprocally beftowed and returned, 


They have always gay {miling Councenances, to teach us, That he 


who cither gives or merits a Benefit, ought to be always in good Hu- 


mour, and diftinguifhed by a ferene Afpest, and particularly rhe Perfon 
who receives the Favour; becaufe it is he alone chat reape the agreeable 
Feuit of Gratitude and. Acknowledgment. ‘They were young; becaufe 
the Remembrance of good Offices ought never co. wax old, or decay ; 


and becaufe they are always entire, difinterefted, free from the fordid 


Views of Gain, or Expeftation of a Rewrn. They were pi&ured nak- 
ed, 00 fhew their Liberality and Sincerity ; and were fometimes drefled 
wa fhining or tranfparenct Robes, to remind us, That Favours and Bene- 
fits can never be conocaled ; but come to light fooner or later, to the great 
Honour of the Benefactor. Amongft 


* 363 
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Amongtt thefe Divinities you may likewife allow a Place to Bacchus, 
who alone of all the Gods was admitted into Feafts and Weddings, 


‘where he moft commonly prefided, as may be gathered from thefe Ver- 
. fes'in Virgil Zin. I. but we rial fpeak more at large of him in his proper 


Rank. 


Hune letum Tyriifque diem Trejague profectis 
Effe velis, noftrofque bujus meminiffe minores. 
Adft letitie Bacchus dator, & bona Funo. 


In Enghjb: 


So may the Trojan and the Tyrian Line, 

In lafting Concord from this Day combine; | 

Thou, Bacchus, God of Joys and Friendly Cheer, ‘. 

And — Juno, both be pee here. | Dryden. 


Here I lute introduce Priapus and Fora as Deities, which former- 
ly affifted at Nuptials amongft the Ancients ; did not common Decency 
reftrain my Pen, and prevent me from putting my Reader to the Un- 
eafinefs of a Blufh. And therefore, thofe who would know any Thing 
particularly relating to them, may confult others, who will inform them 
in what Pofture and Fafhion the Ancients reprefented them. However, 
thac I may not conceal any thing from you, that Modefty will fuffer 
me to communicate : They pictured Flora as a Nymph crowned with 


Flowers, of a comely, genteel Meen, and of a pleafant wanton Coun- 
tenance. Thofe who would know any farther, may have recourfe to 
Pier. Valerianus his Hieroglyphics; to And. Alciat’s Emblems, and to 


the Genial Days of Alexander Alexandrinus, where they may be fur- 
nithed with a vaft Number of fine Hints for all Sorts of Fire-Works. 1 
think it is now Time for me, to touch upon Fire-Fountaims, which may 


be exhibited upon all Occafions, if the Pyrobol:f thinks fit. 


Whatever Engineers reprefent in Water-Works by Jets, varioufly dif- 
pofed and contrived, may be exactly imitated in Fire-Works, as we thal] 


-hereafter evince. All thofe Artificial Fountains, whofe Name and In- 
vention we borrow from the Italians, may be very eafily contrived to 


hold a Quantity of Artificial Fires; which may be play’d off in fuch 
Variety and Redundance, as to excite the Admiration of the Spectators. 
Thefe will be the more furprizing and pleafing to the Eye, the more 
they are difguifed, and the nearer they approach to a Refemblarice of 
real Fountains for playing of Water ; and by a little Induftry and Art 
you may fo order Mattets, as to render it impoflible for any one to guefs 
by their outward Appearance, whether they be defigned for Fire. or 
Water: Therefore to carry on the Fraud the more fpecioufly, you may 


hill fome of the Bafons of your Fountain or Fountains with frefh Water, 
which 
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which may: be thrown up by condenfed Air, if your Fountain be {mall, 


or by a convenient neighbouring Fall of Water, if it be large; this may’ 


be done the more effectually to deceive the People, and to make them 
believe, that what they fee is a real Fountain for Water. 

Now in this Article,. the Pyrodolif? will have an Opportunity of dif- 
playing his Judgment, by adapting his Statues and Figures to the Nature 
of thefe Hydraulic Imitations. As for Example, he may reprefent.a 
Neptune drawn by Sea-Horfes; a naked Arethu/a recumbént; Nymphs 
and Nereids fwimming and floating upon the Surface of the Water, and 
playing with Sea-Monfters. Amongft other Things, Helle may appear 
upon a Ram, a Siren upon a Dolphin, and Europa upon a Bull; a naked 
Naiad, and the Story of Aéteon, who furprized Diana and her Nymphs 
when they were bathing themfelves; or that of ‘fonas, who was thrown 
upon the Sea-fhare by a Whale; and feveral other delightful Decora- 


tions: which may be borrowed from ancient Story, whether Sacred or 
Prophane. I fhall hereafter {pecify in the moft particular Manner, how ° 


all this is to be conftructed. But tho’ it might be neceffary, that I fhould 
here (at.leaft curforily) touch upon the feveral Articles relating to Nup- 
tial and Genethlian Fires, I fhall defift, as apprehending that thofe, 
whofe Gentus is never fo little Inventive, may form a thoufand fine Pie- 
ces from the Hints I have above-given, which may equally furprize the 
Ear, and aftonifh the Eye. Let us now confider the fourth and laft Sort 
of Occafions, to which Fire-Works may be properly applied. 

And this is, when Friends meet together to enjoy themfelves over 
their Cups, and in Scenes of Jollity and Mirth. I fancy, I need nog in- 
form you that Bacchus ordinarily prefides over-all {uch Occurrences, and 
that it is he, that bears the se away: from all the other Divinities that 
might be introduced. | 

Therefore muft we in fach Cafes erect Statues to this fovial God, 
and all his revelling Train; whom we fhall here delineate to you from 
the fame Authorities we have all along reforted to, for the Generation 
and Defcription of the other Deities here mentioned. I fhall begin with 
this coping God himfelf, and collect the beft Account I can of him, for 
the Inftruction of our Pyroboliffi. 

Bacchus, according to the Teftimony of Diodorus +, was ‘the Son of 
Supiter and Semele, and was bred up by Nymphs in the Grotto of Ny/a, 
between the Nile and Phenicia, from: whence he was ftyled Diony/ius. 
He was called Bacchus, from a certain Crown or Garland which he 
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wore on his Head, and which was compofed of Berries; or elfe (per- 
haps} from the’ Word Bacchari, which fignified the Shouts and Cla- 


mour made by thofe who celebrated his’ Feafts. He was fometimes — 


ftyled the Liber Pater ; becaufe he gives the free and unlimited Ufe of 
the Tongue; or becaufe he frees from Trouble, and blots out the Re- 


t Diod. Lib. V. *Antiq. Cap. 
A membrance 
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membranes. af Misfartines and Miferies in thofe who are his hearty De- 
votees. Hear Quid 


Cura Sugit, multe &lusturque mero, 
| Tune veniuut rifus, tune pauper coraua fugest, 
Tune dolar & cure, rugague frentis abst. 


An Engh: 


Full Bowls difpel all Care, and Joy afford ; 
‘Then enters Mirth ; the Beggar graws a Lord; 
Then far away are banith’d Griefs and Fears; 
No thoughtful Wrinkle in the Face appears. 


But Aujonius has in a more particular Manner traced up hia Geneala- 
gy, his Appellations and Artributes, in Egigr, XXVL 


Ogygia we Bacchum vocgft. 
— Ofyrim Agyptus putat. 
Myla Phanacen nominant. 
Dionyfon Indi exsflimant. 
Romana focra Yiberum. 
Ar qbica gens Adoneum, 
Lucanigcus, Pantheum, 


Tn Engh 1a this Purpot : 


B’ Ogygia Bacchus I am deem’d. 

By Angypt Ofris efteemd. 

The Myftz call me Phanaces. 

The Indians fay I’m Diany.’. 

Th’ Adonis of Arabia. 

The Panth’us of Lucania. 

Me Rome, her Liber Pater claims, 

To each a Gad, tho’ call’d by dif’rent Names. 


Here is a fing parcel of Names of very different Signification; and 
you may make him appear under the fevera| Characters above-exprefied 
in your Artificial Works. 

It is che univerfal. Opinion, that he was the Inventor of Wine, aad 
that he was the fir who cultivated the Grape; whenee Tidullus fays, 
Book Wi. Eleg. M1. 


At tn Bacche tener jucunde conftor UVa. 
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But thou O gentle Busehus, Pfanter of the Grape. 


Macrobius defcribes the kaaage of Buochas to this Effe@: - Bhe Liber 
Pater was reprefented as of an Age between Puerility and Virility, and 
fometimes with a Beard as an old Man. On lis Head he wore a Wreath 
or Garland of Vine-Leaves, Fig-Leaves or Ivy : Vine-Leaves and Fig- 
Leaves in Commemor etton: of the Nymphs Staphite and Syca, and Ivy tn 
Remembrance of the Boy Ciffus, who was turned’ into that Plant. He was 
fometimes drawn in a Can falb of ¥. ime-Branches, by Panthers, Dyers, or 
Linces. On one Side of him, you faw the good old Man Silenus mounted 
upon an Afs, attended by a great Numben of Satyrs armed with ThyrG, and 
the reft of the Bacchantes paoceeding: i in @ diforderly Marck before’ qud be- 
bind him 

He was fometimes pictured with the Breafts of a Woman, and with 
Horns and a Wreath of Vine upon his Head; mounted’ upon a Tyger ; 
and bearing in his Right-hand a Bunch of Grapes, and in his Left, a 
great Pitcher to drink outof. Writmefs 4léric. de Imaginibus Deorym. 

He was Naked, to expref the Nature of Wine which can keep no- 
thing a Secret. 


And they mounted him upon a Tyger, to fignify, That every Thing 
may be fubdued by the Power of Wine. 


Some fay, he put Lyeurgas to Death ;. meaning thereby, Thag Laws 


become ineffectual in fictt Republics, as are immoderately addicted to 
drinking. 

Dempfterus tells us, That Bacchus was alfo a Soldier, and that he 
made great Conquefts in India, He. writes thug: Zse-Thyrfug of Bac- 
chus was a Spear twined round with Ivy, which bys Acmy. bore, when he 
led them to War againft the unpolifbed ¥ndians. 

His Feafts or Revels were always celebrated in the Night-Time with 
lighted Torches, as we have obferved above. 

The Companiong of Becchys, and thefe who. made up the greateft 
part of his Train, were the. 9/few,, the-Satyes, the Bacche, the Baffari- 
des, the Lena, the Thyades, the Mz mallones, the Naiads, the Tityrt, 
the Nymphs and Faunes. 

Stlenus, the Fofter-Father of Bacchus, was pictured as an ald Man 
with a: bald Head, amd mounted upor an Afs: Giving us to ynderftand 


by thadaleful Equipage of this Man, Thae Drunkennefs transforms the | 


wileft Perfon isso 4 Bouse, and renders the fineft Gentus, and moft com- 
prehenfixe Wit, a8 Gupid as the Beaft on which he ode! Take the f fol 
_— —e af hima from Viegds, Ech VE. 


+ Macrob. Lib. 5, Sature, 
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—— Chromis & Mnafylus in antro, 

Silenum pueri fomno videre jacentem; 
Inflatum befterno venas, ut femper, Taccho. — 
Serta procul tantum capitt delapfa jacebant : 
Et gravis attrita pendebat Cantharus anja. 


In Englif/h: 


Young Chromis and Mna/ylus chanc’d to ftray, 
Where (fleeping in a Cave) Silenus lay, 

Whofe conftant Cups fly fuming to his Brain, 
And always boil in each extended Vein, 

His trufty Flaggon full of potent Juice 

Was hanging by, worn thin with Age and Ufe. 


Dropp’d from his Head, a Wreath lay on the Ground. 


It is of him that Ovd thus fings, Met. B.IV. 


Quique fenex ferula titubantes ebrius artus 
Suftinet, & pando non fortiter haret afello, 


In Enghjb: 
His Staff, does hardly keep him on his Legs, 
When mounted on his Afs ; fee how he fwags 


The fame Author, de Art. Am. Lib. Il. 


Ebrius ecce fenex, pando delapfus afello 
Clamarunt Satyri, furge, age, furge pater. 


In Englifh: 


Th’ old Soker’s drunk, from’s Afs h’as got a Fall : 
Roufe Daddy, roufe, again the Satyrs bawl. 


Rofcom.: 


In the Roman Games, the Sz/enz wore long Robes or Mantles wrought ' 


with feveral Sorts of Flowers. 


The Satyrs were cloathed in Goat-Skins, and had hideous Masks on. 
| Faunus by the Latins, by the Greeks, Pan, was the God of Fields 
and Shepherds, and the Son of Mercury. He was pictured of a ruddy 
tanned Complexion; having Horns on his Forehead, and his Breaft 
adorned with Rays. From the Navel downwards, he was all hairy and 
fhaggy: He had Goat’s Feet, and one of them was crooked. Macrobius 


mentions hina Lid, 1. Saturn. Cap. XXII. 


But 
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But to what Purpofe fhould I perplex myfelf any farther, with giving 
an Account of Bacchus and his mad Attendants? Is it not enough, that 
I have pointed out to you the Places where you may have your Curiofi- 
ty upon this Head fully fated? Let thofe therefore, who have the Lei- 
fure, turn over the Authors I have here quoted: As for me, I fhall 
only give you fome particular Inftrutions, concerning the Decorum and 
graceful Connection of our Fire-Machines; which done, I fhall pro- 
ceed to the Oeconomy and Diftribution of them. 


ADVERTISEMENT I 


It will be no {mall Ornament to our Pyrotechnical Machines, if the 
Engineer has Art and Skill enough to introduce the Orders of Archi- 
tecture; whether he would build a Palace, erect Triumphal Arches, 
Pyramids, Obelisks, Towers, Columns, &c. or only Parts of them: 
Or if he would prepare Fountains, or any other Pile, which muft be 
regulated by the Rules of Curl Architecture. Yam therefore of Opi- 
nion, that we fhould raife thefe Atdifices after the Ionic, Corinthian, or 
Compofite Order. It muft indeed be allowed, that the Doric Order is 


the moft Mafculine of all; and that it feems in itfelf to be the moft. 


proper for Triumphal Arches, Obelisks, Pyramids, and all fuch Pieces 
as are erected in Honour of victorious Chiefs; but the public Tranfport 
and Joy being boundlefs upon fuch Occafions, it has for the moft 
part been thought, that nothing can be too pompous for the happy Vi- 


€tor : Wherefore thefe Triumphal Works require to be very elaborate; 


to be decked with all the richeft Ornaments of Sculpture; and to have 
their Afpect perfectly magnificent. ‘Things being thus, the Compofte 
Order will anfwer your Purpofe the beft in all fuch Cafes; for it carries 


with it a fedate Gravity, and an Air of Royalty, together with an in- 


comparable Gracefulnefs; from whence it was, that the Romans had fo 
often Recourfe to it in Triumphal Atdifices; as may be collected from 
the Arches of Conffantine and L. Septimius Severus, not to mention 
thofe of Trajan and other Roman Emperors, which Onup. Panvenius has 
remarked, to the Number of Fourteen ; and which are for the moft part 
entire at Rome to this Day. 

The Corinthian and Ionic Orders will ferve extremely well for Wed- 
dings and Birthdays; for they are perfectly delicate, and (if I may ufe 
the Expreffion) Effeminate ; the Firft of them being compared to a fine 
young Lady richly attired, and the Second to a fober, referved Matron 
in a modeft Garb. Thefe Orders alfo may ferve for Holydays, and in 
the Celebration of Seafons fet apart for Devotion. But by the way, it 
will be proper that all thefe Works fhould be expofed to public View in 
the Day-time ; for otherwife to what Purpofe would it be, to beftow fo 
much Time, Labour and Coft, upon a Thing which is not to burn a- 
bove a few Minutes, and that at a good Diftance from the Speétators, 
and amid{t the Darknefs of Night? 
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Feafts and Banquets alfo require the Corinthian Order; for upon 
fuch Occafions every one betrays his Luxury, Vanity and Prodigality, 
by all che Superfluities that can be devifed. 

- The loweft, and moft fimple Orders, will always be beft for 
Fountains, &c. fuch as the Tu/can and Doric intermixed with the Ru- 
fic; for it is proper, that they fhould have a rude and grofs Afpect; 
but upon Occafions which require fomething more than Common, you 
may beftow what Embellifhments you pleafe on them; always keep- 
ing a ftrict Eye upon the Rules of rchttecture. Or at leaft (if they 
fhould chance to be naked and plain) you may adorn them either with real 


or imitative Rock-work, according as either of them futes beft with 
your Convenience. | 


ADVERTISEMENT IL. 


All your additional Ornaments muft be judicioufly chofen, whether 
they be in Relief or in Patnting ; fo that there may be no Incon- 
gruity or Diffonance fubfifting, between the Nature of the Thing cele- 
brated, and the univerfal Conftru@tion of your Machinery. Thus, up- 


on the Inaugurations and Coronations of Kings, you may reprefent fa- 


cred Emblems and Stories: For Triumphs, Things of Vitorious Im- 
port: For Weddings and Birth-days, you may introduce Scenes of Mirth 
and Gayety, fuch as Dances, &c. At Banquets and Caroufals, you may 
reprefent Fictions, exprefling the mutual Joy and Careffes between 
Friends. At Coronations, you may adorn your Work with Royal 
Crowns and Scepters: At the Confecrations and Inftallments of Bifhops 
with Mitres according to their Rank; with the Armorials of particu- 
lar Provinces and Cities; and with every Thing elfe, that bears Relati- 
on to the Quality of Perfons preferred to any eminent Station in the 
Church. 

As to the Ornaments neceffary for Triumphal Works, you may be 
fufficiently inftructed by Trajan’s Pillar; which the Roman Senate 
caufed to be erected in token of their Acknowledgement, and live- 
ly Senfe of the great Merit and Virtue of that Emperor. Geor. Fabri- 
cius defcribes it thus: + The Column s¢/e/f is cruffed over with Parian 
Marble, on which are expreffed the great Actions of Trajan, and parti- 
cularly the Dacic War. ‘There you may fee Reprefentations of For- 
treffes, Bulwarks, Bridges, and Ships; together with the Employments of 
the Army; fome fawing of Wood; fome putting the Pieces of a Building toge- 
ther; fome drawing out the Lines for fortifying the Camp; Pioneers at work 
upon the Trenches; fome leading their Horfes to Water; others carrying Tro- 
phies, and marching as it were in Triumph; as alfo Corflets, Helmets, Shields, 
and Bucklers, Belts, Clarions, Daggers, Favelins, Swords, Qusvers of 


t+ Geo, Fab. Rom. Cap. vii, 
Are 
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Arrows, &c. On that Side, where the Infcription is wrought, there are 
winged Victories accompanied by two Eagles. 

Prudentius {peaking of Simmachus, has very naturally defcribed the 
Triumphal Arches, and the Ornaments with which they were enriched, 
in thefe Verfes. 


Fruftra igitur currus fummo miramur in arce 
Quadrijuges, ftantefque Duces in curribus altis; 
Fabricios, Curtos, binc Drufos inde Camillos, &c. 


By which he gives us to underftand, that the Triumphal Arches were 
adorned with pompous Cars; in which were beheld the Statues of migh- 


ty Chiefs, fuch as the Fabrics, Curit, Drufi and Camilli; at whofe. 


Feet were Captives feen on bended Knees, and bound with rigid Chains. 

To all this, we might add the feveral Sorts of Miltary Garlands, or 
the Crowns which we mentioned above ; but the feveral Sorts of them 
muft be moft pertinently adapted to the Subjeéts celebrated ; for Exam- 
ple; after a compleat Victory obtained in the open Field, you may ufe 
Crowns of Laurel; after the carrying of any Place by Storm, Mural 
Crowns winged: After a fuccefsful Combat by Sea, Naval Crowns : 
Wreaths of Oak, for thofe who have preferved their Fellow-Citi- 
zens: For a Siege raifed, Garlands or Crowns made of the Flowers 
of the Field; and of Olive, for thofe who have reftored Peace to their 
Country. To thefe may be added Fe/foons (fo called from the Latin 
Word Fefsvitas, which fignifies Mirth and Pleafantnefs) in token of Joy. 
Now, Feftoons are certain Ornaments compofed of an agreeable Affern- 
blage of Leaves, Flowers, Bloffoms and Fruits. But you muft take No- 
tice, that in Triumphal Works the Feffoons fhould be adorned with ve- 
ry few Flowers. or Bloffoms; but muft be enriched principally with 
Fruits, intermixed with Leaves and Branches of Laurel and Ivy: You 
may alfo amongft your other Embellifhments have fingle Branches, and 
Foliages of Laurel and Ivy, Olive and Vine, as it were negligently dif- 
pofed of; but not at random, and in Places improper for them, 

Upon Sacred Occafions you may exhibit Cherubims, Palms, Pome- 
granates, Croffes, Stars, and Divine Emblems, reprefenting Holy My- 
fteries ; thereby to touch the Hearts of the Spectators, and beget in 
them Emotions of Piety. 

The Ornaments and Embellifhments proper for Machines erected for 
Weddings and Birth-days, &c. are Garlands of Rofes, Lillies, Violets, 
and other Flowers; together with feveral Sorts of Fruits, fuch as Ap- 
ples, Pears, Grapes of all Kinds, Plumbs, Olives, Medlars, Dates, Cj- 
trons, Lemons, Oranges, Pomegranates, Quinces, Melons, Cucum- 
bers, and a thoufand other Fruits; all which may be bound together 
in Feffoons, inter{perfed with Leaves or Branches of Olive and Vine, 
Thefe will have a moft beautiful Effect in your Pyrotechnical Works. 

You 
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You may have alfo little Birds curioufly wrought, and perching upon 
Branches of Palm, or Bunches of Grapes; together with Horns of 
Plenty, Ears of Corn, Sheaves of Wheat and Rye, &c. Again; at 
Feafts and Caroufals, you may either paint or carve in Re/zef, Cups, 
Goblets, Flasks, Bottles, Flagons, Barrels, Tuns, Difhes of Meat, Baf- 
kets and Voiders full of Sweetmeats, Plates, Knives, and all the necef- 
fary Furniture of a Table; as alfo Mufical Inftruments, (viz.) Cit- 
terns, Guittars, Violins, Bafs-Viols, Flutes, Cornets, Hautboies, &c. 


Upon the Celebration of Marriages, you may particularly introduce the — 


Arms of the Bride and Bridegroom, which may be fixed upon the 
Frieze, (if your Piece be compofed of Pillars) or upon the Shafts of 
the Pillars themfelves, fet off all round with Flowers, Foliages and 
Ribbons. As for the Art of making the Names of the married Couple 
appear in Fiery Characters in the Air, you may turn back to what I 


 faid in the frft Part of Book IV. upon this Subject. 


Your Fountains fhall be adorned with all S&rts of Shells, and Stones 
of variety of Colours, little pieces of Rock-Work, glittering or tran{pa- 
rent Stones and Pebbles, one and the other Coral, Splinters of Marble, 
and a thoufand Things of that Nature, whether Natural or Artificial. 
To thefe you may add Reptiles and Infeéts of all Sorts, (viz) Toads, 
Frogs, Serpents, Snakes, Lizards, Vipers, Grafs-hoppers, Beetles, Flies, 
Ants, Crickets, Bees, Spiders, Snails, Horfe-leeches, Cray-fifh, and an 
infinite Number of other Creatures, which naturally haunt the Water, 
amongft which may be interfperfed the feveral Sorts of Aquatic Herbs ; 
tagether with the open Jaws of Lions and Bears. You may alfo repre- 
fent feveral Animals, fuch as Hedge-hogs, Weafels, Rats, Rabbits, 
Hares, &c. together with Birds of amphibious Nature, fuch as Geefe, 
Ducks, Teal, Storks, Swans, Swallows, &c. 


ADVERTISEMENT IL 


The Garb or Drefs of your Human Statues fhall be chofen from the 
oldeft Fafhions that can be taken from the Monuments of Antiquity ; 
for it muft be allowed, that nothing pleafes the Eye more, than the {e- 
veral Habits which were the Mode amongft the ancient Romans, &c. 
(viz) the Toga, Sagum, Pratexta, Trabea, Paludamentum, &c. all 
which are ftill vifible in what Reliques we have of the ancient Magnifi- 
cence, whether Buildings or Medals. The particular Fafhion and Ufes 
of the abovementioned Habits may be found in Nontus Marcellus, Fu- 
‘flus Lipfius, Rofinus, Dempfterus, and in others. 

You may alfo cloath your Statues in the Skins of the Lion, Tyger, 
Leopard, Linx, Panther, Wolf, Bear, or fuch like Beafts of Prey; in 
Imitation of the Heroes of Antiquity, who clad theméfelves in the Spoils 
of thofe ravenous Creatures. 


‘To 
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To all this, we might add the feveral Sorts of Military Inftruments, 
which will be the more agreeable, the more they are conceived in the 
Guife, and bear the Appearance of rude Antiquity. 

And therefore, I think it would be an ornamental Addition to out 
Works; if we painted or wrought in Rekef, the Funde or Slings, the 
Fuftibul:, Bows, Crofs-Bows, Javelins, Lances, Spears, Partuifans, Pikes, 
Half-pikes, Axes, Pole-axes, Clubs, Swords; add to thefe, Shields; 
Bucklers, Targets, Corflets, Breaft-plates, Cuiraffes, Crefts, Gantlets, 
-Knee-pieces, and all the Pieces of Armour and Arms, which were in 
‘Ufe amongft the ancient Romans: You may alfo introduce the old+ 
fafhioned Fire-Locks, Bows, Arrows, and Quivers uféd by our Forefa= 
thers: All thefe will be very natural Embellifhments, to Statues, Tro- 
phies, Triumphal Arches, &c. In fum, to exprefs mich in few Words; 
you muft make it your utmoft Endeavour to cultivate a Variety in all 
your grand Pieces, that you may never cloy your Spectators with an in- 
fipid Repetition : But on the contrary, let your Invention be perpetual- 
ly on the Wing, that you may always have it in your power, to fur- 
prize them with fomething altogether new, perfectly natural, and judi- 
ciouily underftood: And thus by anticipating, or rather exceeding their 
Expectations, you may expect the public Applaufe in Reward for your 
Elegance and Induftry ; for tho’ (as we are told by a confiderable Au- 
thor) ZAings done in the common Road may often adminifter mn, 
they feldom or never excite the Admiration. 


Of the Occonomy, or Diftrtbution of Artificial Works, in 
Recreative Pyrotechnical Machines ; and of feveral other 
Things relating to the fame Subject. 


T HE Explication of the TLemati/m or Decorum, seins to be de 
ferved in our Pyrotechnical Machinery, has been confiderably more 
prolix than I at firft forefaw : But I hope to handle the Subject now en- 
tered upon, after a more compendious Method; and that, by means of 
certain fuccinét Rules, which I fhall here lay down for your Inftruction 
in the Oeconomy and Manual Practice of this Branch of our Art. ‘They 
are thus: | 
As foon as the Engineer has conceived a fine Thought for his Pyra- 
technic Works, it will be abfolutely neceffary that he be able to exprefs 
ic in Drawing, the three Branches of which ate Ichnography, Orthogra- 
phy, and Scenography. 1 fay, it will be proper that he be a tolerable 


Mafter of Defign; or at leaft, that he be able to sketch or crayon a lit= 


tle (as Vitruvius has it) that he may give the Perfon who on hin, 
a View of his intended Work upon Paper. 


Cccce | I, tt 
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Ie will not be enough, that he barely know how to sketch out his De- 
fign upon Paper; but it will be proper alfo that he be dextrous enough 
to make Prototypes and Models of it in Wood, Wax, Plafter, Paper, 
or Pafteboard, &c. fo that by this means any Deformities or Irregulari- 
ties may appear obvious, and undergo a futable Correction, before he 
begins the Piece itfelf. 

Oe ji. | 

As foon as yous Defign is brought to fuch a Point as to meet with Apr 
probation ; you are in the firft Place to confider the Charge and Ex- 
allowed for compleating it; thar you may be able to fquare your 

Vork to your Purfe. You are then to treat with Workmen, whofe Af- 
fiftance you may ftand in need of, and contract with them for their La- 
bour, and the Materials they are to furnifh you with. It is here that 
our Engineer will have an Opportunity of difplaying his Honefty, by 
fhewing how faithful and juft a Manager he can be of the Wealth of 
others: And it will be no difficulty for him to acquit himfelf wich Ho- 
nour in this Cafe, if he does not infift upon fuch Things as are hard to 
be procured, and confequently very chargeable; or if he has not his own 
Intereft, and fordid Lucre at Heart; or if with a View of future Pre-— 
fents from the Workmen, he does not f{quander away what he is entruft- 
ed with, and what he will be obliged to render a ftri@t Account of, if 
not in this Life, in the next. 
| IV. | 

Being entered in good earneft upon the Work, the Exgineer is to 
take particular Care that the Workmen do their Duty toa tittle, and 
that they pundually obferve all the Rules of our Art, in the Conftructi- 
on of Rockets, Crackers, &c. to the end that the Whole may redound to 
his Credit, and have an Effect worthy of the Expence. 

: Vv 


The Carpenters fhall firft make the Carkafs or Frame of the whole 
Machine, with Timbers, anfwering to the Proportions of the Model 
which fhall be given to them: I here {peak of large Aidifices, fuch as 
Palaces, Triumphal Arches, Towers and Caftles, &c. for as to Co- 
lumns, Pedeftals, Fountains, Obelisks, Pyramids, Human Statues, and 
Figures of Beafts; they all require to be conftructed after a particular 
Manner. ‘Tho’ the Order we are here {peaking of, may be obferved in 
the Conftruction of fome of thefe laft, as may be remarked in the Re- 

Fig. 197, prefentation of a Dragan in Fig. 197 and 198. In the firft of which you 
aad 198-have a Sight of the Rattom-Piece or Foundation of the whole Figure, 
and the other gives you the Form of it, and fhews you the Order and 
Difpofition of all the Pyrotechnical Works withinfide, But as for grand 

and confiderable Machines, you may perceive the Orthography and Sce- 
Fig. 204. nography of them, in the Rampart of a Caftle diftinguifhed by A, in Fig, 
204. Ic will be very eafy to erect Towers, whether round or many- 

: | fided, 
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fided, Columns, and Obelisks (provided they are not very large) upon 
the Trunks or Stumps of Trees, or upon great round, or many-fided 
Blocks of Timber: Thefe may be ordered much after the fame manner 
pio the Cafes or Tubes which we touched upon in the foregoing Chap- 

: (Confider the Figure of the Tower Number 204; the Form of 
which does not vary much from the Cafe defcribed and reprefented in 


375 


Fig. 193.) Now the larger Sorts of thefe muft be built with ftrong Fig. 193: 


Beams, Rafters, and Planking, which muft contain within them a 
good quantity of Cafes of Compofition, and other Artificial Works: 


Add to thefe the ufual Embellifhments, (vz.) Pilafters, Parafate, - 


Architraves, Capitals, Pedeftals, Columns and Pyramids, all which 
amay be made of Boards, or at leaft formed of four, or more Spars, per- 
pendicularly erected upon the Angles of the Bafe, or terminating in a 


Point at Top; (which is natural to a Pyramid ;) after this manner you 


may make the Frames and Carcaffes of Parallelopipeds, Polyhedronic 
Pri{ms or Pyramids, and then cloath them with waxed or pitched Cloths, 
or coat them over with Pafteboard: Thefe may be filled with one or 
feveral Sorts of Cafes, Sky-Rockets ready fticked, and neatly difpofed 
ain the Interftices between the Cafes, and againft the Sides of the Pile o or 
Machine itfelf. 
| VI 

Human Statues, and Figures of Beafts may be ordered two Ways. 

Firft, The Statuary or Carver muft cut out the Bodies in Wood with 
all their Lineaments and Mufcles according to the Proportions given to 
_ him, and according as he is dire@ted, he muft make them either naked 
orcloathed. Then taking chem and anointing them over with Soap or 
Wax, they muft be coated over with Pulp or Pafte of Paper, kneaded 
or mixed up with Glue Water ; which Coating fhall be 2 or 3 Lines in 
Subftance. It muft then be dried by a gentle Fire, and as foon as the 
Skin or Coat is thoroughly dried, it fhall be divided into two Parts, that 
is, ic muft be cut with a Knife clofe home to the Wood, on each Side 
from the Crown of: the Head to the Soal of the Foot; and thus taking 
-off this Pafteboard Skin you will have the hollow Image of a Man or 
Beaft. In the feveral Cavities of it, thall be fixed one or more Cafes of 
Compofition, which mutft be previoufly fhaped according to the Curva- 
‘wures or Flexions of the Body, and well re-inforced or woulded to fe- 
‘cure them from flying abroad, or fplitting by the Violence of the Fire, 
_ before they have performed their due Effefts ; and it will be proper to 
fix them upon fome firm Support, that they may be immoveable; which 


done, they muft be hid in the before-{poken-of Paper Skin ; — Care 


to pafte the Joints and Crevifes very fubftantially together. 
There are chofe who only inclofe one Cafe wichin the Body or Skin, 


‘as may be obferved in the Statue of Fortune in Fig. 202. But there are Fig. 202. 


others, who dextroufly fill the Arms, Legs, Thighs, Hands and Feet 
with Ruasing Rockets, or Crackers, or Cafes of Gompofition curioufly 
difpofed 
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difpofed of, and having Communication with each other by little Trains 
or Fuzes, fo that they fucceffively confume one after another. The 
‘ Contrivance of this may be clearly obferved in the Statue of Bacchus in 
_ Fig. 200. Fig, 200: But I muft here remind you that the whole muft be fixed 
upon a folid Foundation, fo as to be immoveable, and not be in a tot- 
‘tering Siruation : Wherefore it will be farther neceflary, that the Neck, 
Arms, Reins, Thighs, and Legs fhould be re-inforced with Iron Plates, 
.or Rods, bent and turned, fo as to humour and fit the feveral Angles 
-and Flexions of the Body, according as the whole Frame of it leans 
more or lefs, and according as the Limbs are more or lefs contra&ted or 
{tretched out. In fhort, the whole Infide of the Body muft be ftrength- 
-ned with Iron Plates or Rods, if it happens to lean either Forwards or 
Backwards, to the Right or the Left. Now as to the Method of find- 
ing the Openings of the feveral Angles formed by the various Flexions 
-and Curvatures of thé Body, you may eafily have them by the Affift- 
ance of a folding Rule, fuch as Carpenters and other Workmen ufe ; 
which Rule is in its general ConftruCtion very much like a Sec#or, which 
alfo may ferve you for the fame Purpofe. 
.. The fecond Way of forming Statues is thus: According to the Size 
or Form of the intended Body, they with a Number of fuch Cartouches 
Fig. 189.or Boxes I gave in Fig. 189, make the one half of. the Statue; that is, 
that Part which comprehends the Breaft, the Back, the Belly, and others 
of the Inferior Members. Then with Boxes or Cafes of {maller Sizes, 
‘they form the Neck, the Head,.the Arms, the Thighs, the Hands, the 
‘Feet, and all the Extremities of the Body; bending and fafhioning 
_. them at pleafure upom Wooden Balls filled with a flow Compofition, and 
‘piercing them in two Places, juft as the Fold or Curvature of the Limb 
requires: Into thefe little Borings they ftick little Fuzes to give Admif- 
fion to the Fire as faft as the Balls conceive it. All thefe Articles and 
-Circumftances being duly obferved, and cultivated, the Statue is co- 
vered over with fome Cloathing of Cloth, or Canvafs, or Silk, or (if you 
will) Paper, cut out, fewed together, coloured, and diverfified, juft as 
the Engeneer fhall think proper. To the Head of it, is added a Pafte- 
board Mask, and Shooes, and Gloves of the fame, are put upon its Hands 
_and Feet ; in fhort, they endeavour as much as poffible, that none of 
the Infide may appear in Sight. The Head of the Figure is commonly 
a Ball filled with flow Compofition; which Ball is fometimes bored in {e- 
veral Places, and efpecially when they would have a {mall Fire Rain, or 
long Rays to dart forth as from Running Balls. This I have reprefented 
Fig. 202.to0 you in the Ball upon which the Statue of Fortune is fixed in Fig. 
202. 
_ ButI muft here ftri@ly caution our Pyrobolift to take the utmoft Care 
in joining and affembling the feveral Members of the Body, that they 
may be in no danger of being difperfed by the Violence of the Fire, and 
that the firft that are enkindled may not tear away thofe which have 
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‘not yet been confumed ; for otherwife your Werk will have a far other 
Effet than you expected. | 
VIL. 7 

Whatever Animals you would reprefent, fhall be cloathed in theit 
own natural Skins, that approaching thereby the nearer to Nature, 
they | may the better and more effetually deceive the Spectators. How- 
ever; it will be in the firft Place neceflary, that you fhould cut thefe 
Skins to pieces, and few them flightly together again with wide Stitches; 
to the’ end, that when the Artificial Fires inclofed in them would fly 
out, they may meet with no Obftacle of fufficient Force to retard, dis | 
vert their Courfe, or repel them; but that with an Action free as Air, 
they may purfue their Effects, and burn and depart without the leaft Re- 
{traint or Oppofition. The fame Thing is to be underftood of the 
'..Cloathings of Human Figurés, be they made of what they will, whe- 
ther Silk or Cloth, &c. particularly if your Fires are fo difpofed with- 
infide as not only to rife up or burn out perpendicularly, but alfo ob- 
liquely to thé Right and Left. 

VIII. 

Water-Globes mutt in like manner be covered over with Scales of F un 

and the Plumage of Water-Fowl. 
IX. | 

The Coverings of Palaces, : Triumphal Arches, Towers, &c. if they 
confift of Planks or Boards (after having been garnifhed withinfide with 
feveral Sorts of Cafes of Compojition, and other Pyrotechnical Works) mutt 
be armed on the Outfide with Iron, or Paper Crackers; for which rea- 
fon you thall make littke Grooves or Channels in the Interior Surface of 
your Planks, &c. in which you may lay Trains of Qy:ck-Match, or of . 
fome Compofition, and fix Crackers upon them after the manner I taught 
you above, when I treated of Shields and Bucklers, and in the fame Or- 
der, as may be obferved in Figures 200, 202 and 204, by the Letters B, Fig. 209, 


C an d F. 202) 264. 
».¢ 


To give you a general Rule for your Inftruétion in the Beauty and 
manual Practice of this Art, I can only tell you; That every Part either 
within or without your Machine, or that is in any wife dependent up- 
on it, muft be compofed df fome Kind of Fire-Work: Wherefore all 
the Beams, Rafters, Tranfums, Planks and Boards; Capitals of Co- 
lumns (if there be any) the Paraftate, the Lifts, the Flutes, Cornices, 
Ftiezes, Architraves, Modilliohs, Dentils, Trygliphs, Drops, Metops; 
in fhort, the Plinths, Pedeftals, Apophyges, Bafes, and all the Enrich- 
ments and Decorations, {lich as Wreaths or Garlands, Foliages, Fe- 
ftoons, Fruitages, Leaves, Flowers, Antics, Coat-Armours, Shields, &e, 
muft all confift either of Crackers, Stars, Sparks, Rockets of all Sorts, or 
_ of little Hobdits charged with the various Kinds of Fire-Balls. As for 
the Manner of conftructing Bafons with their Pedeftals; and the Me- 

- Ddddd . thod 
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thod of ordering--the Steps of Fountains, and garnifhing them with 


Rockets or Crackers; it may be eafily learned from the Figures diftin- 
guifhed by € and D, | 
' You mutt fix fome of your Iron Crackers obliquely, and others per- 
pendicularly to the Horizon, but their Vents or Fuzes thuft be turned 
fome Upwards, and others Downwards ; fome to the Right, and others 
to the Left: Thus will they be alternately and diverfly difpofed. You 
muft take’ particular Care, that your double and triple Crackers be all 
fixed perpendicularly to the Horizon. 

XII. 

Now as no particular Sete of Things meets with Approbation from all 
Sorts of People; and fince what pleafes one difguits another ; and in 
Confideration that our Works are not defigned to adminifter Pleafure to 
a few Perfans only ; but are to undergo the rigorous Scrutiny and Exé- 
mination of a Multitude; whofe Taftes it will be neceflary for our Py- 
rotechnician to confult (provided that the Bulk of his Spedtators ‘are of 
fufficient Capacity, to judge aright of his Work; for otherwife it would 
be better to pleafe a few Perfons of found Senfe and Knowledge than 
thoufands of the Ignorant and Vulgar.) I fay, thefe Things confidered ; 
it will be very proper. to intermix your Crackers with Rockets of feveral 
Sorts, and other Pyrotechnical Inventions, which from time to time, and 
at futable Intervals, may depart, fly up, and perform the Effects. natural 
to them, thereby to increafe the Diverfion, and avoid Scandal. Far- 
thermore, if the Engineer thinks proper, or if it be the Will of the 
Perfon or Perfons he is employed by, to have feveral Fires break out at 


‘once, and to have the Difcharge of Crackers more frequent than is cu- 


ftomary ; there fhall be a good Number of Vents made in feveral: Parts 
of the Machine, through which the Fire may be introduced whenever 
you pleafe into thé Works contained in the Body of the Fabric : For 
there are thofe who ufually make but one Vent, and that, upon the 
Top of the whole Pile; by which means the whole Body of it is con- 
fumed {ucceffively, and by Degrees : But chis muft be left to the Engi- 


_neer, This way of giving Fire to our Machines, mutt be owned to be 


very Artificial ; but the other is co certain and lefs dangerous. 
II. | 
Fires of various Colours are held in great Efteem with regard to 
thefe Works; as if, for Example, you would reprefent a Rainbow, an 
Infernal or Gloomy Fire, Water, Stars, and fuch like: But having han- 
died this when we {poke of Sky-Rockets, our Pyrotecbnician may turn 
back to that Part of our Work, where he will meet with fufficient In- 
ftruction upon this Head. Again; you muft contrive to have imitative 
Lightning, or fome extraordinary Flafhes or Glares, which will vasith | 
as foon as feen. This may be eafily done with a little yellow mder or 
Colophone, Gum Funiper or Ship Pitch well pulverized or mealed. 
| | XIV. If 
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XIV. 

If the Engineer by his Artificial Fountains would reprefent a Crofs, 
a Star, a fmall Rain, a Rainbow, or any Thing elfe of thar Nature, 
he muft get Clay Pipes made; (for our Compofitions, however flow they 
may-be, will melt any fort of Metal by means of the Sulphur, Salt- 
peter, and other hot and violent Ingredients they are compounded of ;) 
thefe’ Pipes may be made after the fame Form and. Fafhion, » ‘as when 
applied by Water-Engineers to perform the like Effects. They fhall be 
made with a wide hollow Foor at Bottom, that they may conveniently 
ftop up or cover the Orifices of Ca/es or Globes: The Compofs trons chefe 
are filled with muft be very flow, and mixed with certain Portions of 
"Things which produce Fires of various Colours, and Sparks i in abun- 
dance. Again, all the Pipes fathioned after the Manner we have here 
fpecified, muft be alfo filled with as much of the fame Compofitions « as 
they can contain. 

XV. 

The utmoft Diligence muft be applied in conduéting the Trains, in 
fixing and adjufting the Rockets and Crackers, and in the difpofing of 
all the other Works; in which confifts the whole Beauty of the Fabric, 
and in the Execution of thefe Articles the Engineer will have an Op- 
portunity of difplaying his Skill; in fhort, it is upon his prudent Ma- 
nagement of thefe Circumftances that his Welfare and Life depend; 
and not only his own, but thofe alfo of his Workmen and Speétators' 
For to fay the plain truth of the matter, I have feen many Fire-works ; 
but Few, that facceeded fo well as might be wifhed ; becaufe the great- 
eft Part of them catching univerfally and inftantly in a Blaze, have 
fometimes been the Death of feveral, and f{poiled many unfortunate 
Perfons, who (far from expecting fuch calamitous Accidents) came to 
be diverted. Now the induftrious Pyrobeli# will avoid the Danger of 
thefe fo-much-to-be-dreaded Difafters, if he be particularly cautious to 
fill all his lictke Pipes, Fuzes, or Trains of Communication, with a 
Compofition whofe Sloth he has been affured of, by repeated Experi- 
ments. I dae perfeétly well of Quick-Match, that has been through- 
ly dried and duly wrought ; and this I advance from my own Experi- 
enee, having often ufed it myfelf with Succefs: But whether you pre- 
fer Buick Match, or whether you think that Show Compoftion will an- 
fwer your Purpofe the beft; I fay, which foever of them you 
choofe, it fhall be laid in Channels or Pipes of Copper: For if they 
be made of Wood they are prefently burnt, or elfe they fplit; if they - 
be made or lined with Lead, they mele with the leaft Heat; if made of 
Yren they inflandy grow Red-hot, and fer fire to the wooden Work, 
Cloth, Paper, We: and thereby ruin your whole Undertaking ; but Cop- 
per Tubes or Pipes are exempt from al the abovementioned Accidents, 
from the natural Flardnefé, or Solidity of their Metal. Thefe Pipes or 
“Tubes half be well reinforced with che Sinews of Beafts fteeped in 

Glue, 
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Glue, in which has been previoufly diffolved a little Allum Plume. 
All thefe Pipes muft be laid in Grooves wrought in the Wooden-work 
of the Machine, or they may be fixed naked from one Fire to ano- 
ther. . 

_ The Jun@ures or Joints of them muft be well luted with Clay, or 
elfe faftned together with Sinews well fteeped in Glue, fo that the Fire may 
have no Excurfion through them. Again; you muft make feveral 
Vents or breathing Holes through which the Fire may correfpond with 
the outward Air; for if it be kept clofe it will either be fuffocated, or 
burft the Pipe which confines it. All thefe Vents fhall be made with 
fuch Care and Exaétnefs, that they may not only let out the Fire clear of 
the other Works, but alfo (if they are hid in the Planking, or if they 
are fixed on the Outfide) fet fire to the Rockets and Crackers, in confide- 
ration that feveral other Parts of the Machine will be confumed whilft 
the Rockets and Crackers are difmiffed and difcharged: But however as 
thefe Vents will not be fufficient to let out the Filth generated ‘from the 
Smoke and impure Particles of your Compofition or your Quick-match, 


‘which will clog up the Train-Pipes (if we may fo call them) you may 


at convenient Diftances make Spouts, Gutters, or pretty large. Aper- 
tures, through which all the Feces may be difcharged, and at the fame 
time give Admiffion to the Air: here alfo you mutt take care that 
the Fiery Filth thus expelled, does not interfere with any of your o- 


ther Fireworks, but that it may be carried clear off by pretty. long 


Spouts. 
_ Above all Things you muft be cautious not to fuffer any Match or 
Fire near your Machine, that you may not be liable to fuch Difafters 
as might arife from their Proximity. Upon the whole I apprehend, thac 
I need not trouble myfelf with giving you particular Inftructions for con- 
ducting your Trains or Fuzes; and indeed no. particular Rule can be 
laid down to guide you in it; becaufe of the Variety of Poftures, Si- 
tuations, and Contrivances of our Pieces of Machinery. It is to be 
-hoped that whofoever attempts any Performances in this Ticklith Art, 
-will by a due attention to the Rules with which we have furnifhed 
him in this Work, be able to avoid all Blunders and Miftakes; add to 
which, that our Pyrotechnic Novice may gather fufficient Dire€tion in 
this Matter from the Orthographic and Scenographic — which we 
have with fo much Care ‘and Induftry traced out. 
| XVI. 

The laft Thing I would recommend to you is, fo to contrive, as.to 


have none but fober, confiderate, and virtuous Men concerned -in 


| Carrying on the Work under you; and never to admit any vile, prophane 


-Men into your Service: For fince we muft not hope for SuccefS in 
our moft trivial and minute Undertakings without the Concurrence of 
Heaven; you may readily imagine, That you will ftand in the great- 
eft need of the Cel/fial Protection, when encompafied on all Sides 
| with 
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with extraordinary Dangers, as all thofe are, who make Profeffion of 
our Art: And therefore ought you to have a continual Eye upon 
Heaven, and to depend upon God for your Safeguard and Protection ; 
and endeavour to render yourfelf a deferving Object of his Mercy and 


Paternal Care: For the accidental Shock of two Stones, the hafty At- _ 


trition of two Strings, nay the very impetuous Rubbing together of 
two Straws, may be the Death of you, when bufied in fuch perilous 
Occupations. 

What I have farther to fay here, is addreffed to the Smiths, Car- 
penters, Brafiers, Joiners, Turners, Mafons, Carvers, Plafterers, Pain-. 
ters, and the whole Tribe of Workmen, whofe Affiftance is required 
in compleating our Pyrotechnic Fabrics. To thefe I muft recommend; 
as they all act inSubordination to the Fire-Engineer, That they endea- 
vour to pleafe him and do him Juftice, by obferving to execute all his 
Orders and Directions. In fhort, the Engineer ought to be a perfect 
‘Judge of the Capacity of his Workmen, and the Value of their Work 
when done, and confequently know how to accept the Good, and re- 
ject the Bad; for whatever Misfortunes happen, they. will all be imputed 
to him, and not to the Workmen he employed ; and on the other Hand, 
all the Applaufe refulting from the Succefsful Conftruction of the whole 
Fabric will fall to his Share. Thus muft he expect to fuffer all the 
Blame if his Work demerits it, or to bear away all the Praife if it de- 
ferves Approbation. 

And now having fet the laft Hand to our Recreative Fireworks, after a 
pretty Long Differtation on them, (perhaps more fo than fome could 
have wifhed) I hall proceed to the Second Part of this Book, in which 
I thall entertain you with Artificial Military Fires. 
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Fig. 200. 


PART IL of ths BOOK. 


Which TREATS of 


Setious or Military F IREWORKS, 
Whether Fixed, of Projectile 


CHAP: I. 


Of Fire Ol or Pots of all Sorts, Powder : Flasks, Borley, 


_— CFC. 


REED? Flasks, Bottles, and Chefts, &c. Thefe I thall begin with; 
hens ee are more fimple in their Conftruction, than the other 
Things which are to follow them; and I fhall reduce them within the 
Bounds of this Chaptet, becaufe they are in general prepared after one 
Way, faving fome Particulars which are peculiar to each of them a- 
part, which Diverfity becomes natural or neceflary to them from the 
Variety of their Figures and Sizes. { fhall then inftrué& you in the 
feveral Methods of filling and charging thrée tertain {mall Veffels. 


METHOD 1 
In the Firft Place; Pour Qwick-Lime finely mealed into fome Veftel, 
tll one Third of it be filled; whichdone, fill it up to the Brim with 
good Corn Powder, and cover it with ftrong Paper, or a wooden Lid; 
and over that with a pitched Cloth. You are to tye on Ends of Match 
to the Neck and Ears or Handles of your Pot, if it be made of Clay, 


as you mhay obferve in Fig. 206. Your Veftel being thus ordered, and 
having 


Boor V. Of the Great Art of ARTILLERY. 


having lighted the Match at both Ends, it fhall be thrown amongft the 
Enemy from fome Eminence; as for Example, from the Top of a Ram- 
part, ora Wall; or from the Baffions of any Fortrefs into the Fo/sé or 
Moat, of to any of the neareft Places if it be delivered by Hand: But 
it muft be projected from proper Machenes, if you would fend it fo Di- 
ftantees, fueh as the Lines or Works of the Enemy. On thé other fide, 
thefe Weffels may be thrown by ti¢ Befiegers into the Place befieged ; 
_ and they may likewife ferve in Sea Fights, with great Difadvantage to 

the Enemy and their Ships; fer as foon as thefe fall upon a Ship’s Deck, 
or meet with any hard Subftance, they will never fail to break and fly 
in Pieces; upon which the Powder will be fpilt, and icattered abroad, 
and the Match falling amongft ic, it cannot avotd Accenfon, 
and will accordingly break out with fo terrible a Flath, as muft {poil 
aiid deftroy many of the Enemy, dnd perhaps burn the Ship itfelf: 
Not ohily that; but the Powder thus taking Fire it will at the fame time 
blow up the mealed Quick-Lime, which tifing like a Cloud of Duft, 
will be infipportable to thofe who are Wrapp’d up in it. Sometimes in- 
ftead of Quick-Lime you may ufe the Afhes of Oak or Elm, provi- 
ded they are wéll f@arced and reduced to an impalpable Meal. 


METHOD UO. 


Sometimes they piepare Veflels either of Glafs or Earth with long 
Necks, (the Hollow of which is about an Inch in Diameter;) and beaf- 
ing a near Refemblahee to the Mutraffes, Retorts, and fuch like Veffels in 
nfé with Chymifts: The Body or Belly of thefe is filled with Corn Pow 
der, to which are added certatn Portions of Mercury Sudlimare, and 
Bole-Armoniac: Sometimes alfo it is interfperfed with Geraps of dron. 


The long Neck is to be filled with a Show Compojfitron : which being — 


fired you may throw thefe Veffels where you pleafe. 


METHOD IU. 


If ic happens that the Veffel is pretty large, and has a wide Mouth; 
for example, of 3 or4 Inchesin Breadth, or thereabouts; your Corn Pow- 
wer Shall be interfperfed with Crackers, either fingle, double, or far- 
ther thultiplied as you thall think proper: Or inftead of them, Hand 
Grenado’s without Fuzes, and only filled quite up to the Vent with 


Corn Powder. The Veflels No. 206 fhew you beth the one and the o- Fig. 206. 


ther of thefe; whereof the Firft diftinguithed by A has Haxd-Gre- 
wado’s, the Second by B, has Zro’ Grackers. 


METHOD 


333 


384 = Of theGreat Art of ARTILLERY. Book V. 


METHOD IV. 


“There are thofe who fill thefe Veffels with very violent Compoftions, 
‘and fuch as are fo obftinately outrageous as not to be fuffocated by any 
Means. We have already given you fome Compofittons of this Nature. 
Thofe which we ordered for Fire Ratn may ferve this Purpofe very well ; 
but particularly fuch as we communicated for making the Grectan Fire; — 
for that was inclofed in fuch Veffels as thefe, as we have elfewhere 
fhewn. However, notwithftanding the feveral violent Fires I formerly 
gave you, I fhall here prefent you with fome others which are particu- 
larly calculated for this Service, and which are in Efteem with the Py- 
rotechnicians of our Days. The Firft, according to Froravantus: Take 
of the Varnif/b ufed in gilding of Leather 10 1b; of Sulphur Vivum 6 Ib; 
of Oi! of Rofin 2 1b; of Saltpeter Ib {s; of Ol:banum one Ib; of Cam- 
phire 6 2%; and of the beft Brandy 14%: Put them all into a Veffel, and 
mix them well together over a flow Fire; and being melted, add fome 
Tow to them, and let it fteep. This being put into Pots, will produce 
a Fire that will be inextinguifhable, wherefoever it be thrown. 
~ Ufanus in the third Treatife of his Artillery, Chap. XX, gives us the 
following: Take of Gun-powder, Sulphur, Saltpeter, and Sal Armoniac, 
of each ib fs; of Camphire 2 3; meal them all finely, and pafs them 
through a Searce ; which done, add to them a Pinch of common Salt. 
Put all thefe into a Brafs or glazed Earthen Veffel, and pour O#/ of 
Olives upon them, or Os! of Petrol, or of Linfeed, or of Walnuts; or 
elfe melted Lard; enough to give the Whole the Confiftence of a Pafte, 
or pretty thick Conferve. Being all incorporated well together, take 
fome of it out, and try how it burns, and fee whether it can be eafily 
fupprefied by the Injection of Water; for if you find it too weak, you 
muft add Gun-powder to it. Having brought it to the Pitch you would 
have it; fill Pots, Pitchers and fuch like Earthen Veffels with it. 

In the fame Vefiels you may add Lumps of that Liquified Stuff, 
which we mentioned in fpeaking of the Preparation of Fire-Raia, 
wrapping them up in loofe Quick Match: Or you may ufe Balls of the 
Bignefs of a large Walnut made of the following Compofition; taking 
care to fill up the Interftices between thefe Balls with a Mixture of Corn 
and Meal Powder. This Compofition is thus: Take Saltpeter and Gun- 
3 ij; of Sal-Armontac 33. Incorporate them well together, and knead 
them with Os/ of Linfeed or Olives; and in fhort, make this Compoftion 
into Balls of the bignefs of a large Walnut. Thefe Balls being once in- 
flamed burn moft outragioufly ; infomuch that if they chance to fall 
upon a Ship’s Deck, they will burn through and through it in the 
twinkling of an Eye; will fet whatever they ftick to ina Blaze, and ac- 
cend and inflame thofe Subftances which are the leaft fufcipient of Fire: 

7 But 
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~ But what I take to be their moft extraordinary Property, is the Impoffi- 
bility of fuffocating or ftifling them by any means; and it is particular- 
ly in. vain to endeavour at a Suppreftion of their Fire by Water; for far 
from fuffering any Diminution of its Violence by the means of Water ; 
it gathers new Strength, and rages the more ieiciaae the more it is 
plied with that Liquid Adverfary, 

. All thefe- Veffels muft be ftopped up or covered clofe with waxed or 
pitched Cloths, as we fpecified above. To the Ears or Handles of them 
(it is perfectly neceffary, that thefe Veflels fhould have Handles) you 
muft tye Ends of Match, and fecure them faft, that they may not drop 


off. If it happens that your Pots have no Handles, nor any Thing of 


that Kind, nor even a Neck of fufficient Length to tye your Match on 
by; you mutt give them a Coating of our Pyrotechnic Cement, or of 
ought elfe that is of a very tenacious Deu and ftick your Match in it 
all round. 


i 


ADVERTISEMENT. 


_ That thefe Olla or Pots of Fire, and feveral other Veffels filled with Com- 
buftsble Compofitions, were ufed by the Ancients, to fet Fire to Buildings, 

Gc. is not to be difputed ; if we rightly confider the Teftimony of fo 
many Authors whom we quoted when we fpoke of Hand-Grenado’s and 
Fire-Rain. But it muft be allowed, that all the Fire-Veffels of the 
Ancients were but Trifles and Children’s Play-Things, when compared 
with Ours; or at moft, that they were but the Shadows of our Modern 
Fire-Pots; becaufe they wanted our Thunder-imitating Gun-powder by 
the Affiftance of which we are enabled to caufe fuch frightful Fla- 
grations; to burn and deftroy the greateft Part of our Adverfaries ; and 

particularly, if to thefe Pots you add Hand-Grenado’s or Crackers, 


CHAP. IL. 


Of Fire-Crowns and Garlands, which the Germans call Pech, 
and Sturm Krantzen. 


H E that would render himfelf Worthy of a Mural or Naval Crown, 

and who is ambitious of being honoured with one from the Hands 
of his King or Prince; I fay,- whofoever is defirous of being diftinguifh- 
ed by thofe proud Marks and Badges, which are beftowed on Merit and 
Virtue, muft, the better to qualify himfelf, know how to manage our 


Pyrotechnic. Crowns; he muft prove them and put them in Execution, ' 


if he expects to fee his Temples adorned with a Wreath of Laurel, 
FAfftf Our 


A. 
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Our Diedems and ‘Garlands, I mvkt-own, will burn, and-oftentimes prick 
thefe who handle them; ‘but »who knows not that Rofes-are gathered 
amongit Thorns? And that all aur moft perfect Happimefe, and moft 
tranquile Contentment -in this World, take ‘Birth, in che midft :of ‘the 
mot pungent Sarrows, aod.a choufand afflicting Difficulties, which per- 
petually oppofe us in our Purfuits of what we would enjoy. No ‘one 
ever yet obtained Glory, but iby fruggling, and combating with Miif- 
forsunes.and Labour : it is no fimall Encossium upon:a Soldier to fay of 
him, Yhat he 1s both eble and widling to.endure Harlferps. This Acknow- 
ledgment is the natural Right of a true Soldier, amd what he may lay 
jut Claim to, whatever elfe he may ftand in needof. “Thus though the 
Man who's crowned with eur Kire-Garlands ‘will be grievowly laden, 
yot ac the fame time he will be pompoufly adorned ; if his Actions are 
levelled at noching bur pure Glory; #f he contemns Difficulties, and 
bears with Heroic Conftancy all thofe Hardfhips which oppofe his Acs 
quifition of the Prize he thirfts after. Now in this Chapter I mean to 
inform you of what Flowers and Ornaments our Crowns and Garlands 
are compofed. | | 

Get a lang Bag made either of Flaxen or Hempen Cloth, of the 
Breadth of 4. or 6 Inches, and of the Length of 3 or 4 Foot; and fill ir 


_ with one of the Compofitions we gave for Fire-Balls. ‘The following — 


Cawpeftions are purely for thefe Garlands, &c. - 


3 i. 3 
Take of Saltpeter 3 ths of Sulphur one th; of Powder 2 tb; and of 
Powder of Gla/s tb &. 
7 II. : 
. Take of Saltpeter 3 16; of Sulpbur one tb; of Charcoal Ib fs; of 
Powder of Gila/s Z iiij. 
| | 1) | | | 
Take of Powder 2 Ib; of Saltpeter 3 tb; of Colopbone tb fs; meal 
them finely, and mix them well: Having filled your Bag with one of 
thefe Compofitions, bend it round into a Circle ; fo that the two Ends 
may meet, which muft be fewed together: And for fear the Stitches 
fhould give way, or be burned during the Combuftion of your Garland, 
you fhall clap ap Iron Hoop within it, whofe exterior Circumference is 
equal to the interior Circuit of the Bag. Upon this Hoop then mult 
your rounded Bag be fecurely laced, and faftened with Interweavings 
and Knots at proper Diftances from each other, in Imitation of what 
we ordered of the fame Kind for Fire-Balls, Being thus adjufted, you 
muft thruft Fron Erackers into it; which Crackers thalt be well charged 
With Powder and Ball’; and pointed at Bottom, that they may the more 
eafily penetrate the Compofttor: Or you may difpofe of them, as may 


Fig. 267, in Fig. 
ig. 207, be remarked in Fig. 207 and 208 


Fig. 209. 


The third Sore of owr Crowns you have in Fig. 209: This is only 
armed with bearded Iron Spikes; with intent chat if ic {hould chance 
to 
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to full ypon-the Head of tiny Perfon, ‘he’rhay fiot‘be able-to take'hold on 


it, ‘to throw ‘ic from -him; ‘but be obliged 'to burn‘alive, ‘and ‘from this 
fort of Tormeiit, ‘Which ‘may be'faid to beifs‘natural Effed, ‘it: rhay-jufthy 
‘enough be called the-Murtyrrzing Crown. | 

-Sometiines-alfo chefe ‘Couns are‘adorned, or rather atined, with Hard 
Grenato:s, -of the bignéfsOf-an Fron Bullet of orie or 2 Potnds Weipht'; 
bot they shuft have Fuzes‘of the Length of 3 ‘or 4 Fingers ‘ferewed ‘irtto 
their Offices to keep them tight and firm updh ‘the faid‘Crowns or'Gar- 
dands, and for the fame Purpofe ‘alfo muft they be kaced ‘bh With Irdn 
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Wire. Yoo have the Reprefentation of this in Fz. 270. Fig. ato. 


_ Thefe Crowns and Garlands are applied to ‘tHe very farrie Ufes as tlie 
‘Fere~-Pots and other Veffels which we ‘defcribed to syou ‘ih the foregoing 
Chapter: 1 fhall only‘add to what Ihave faid, That you muft take ‘Cate 
to make two or three Holes, through which © fire che inchided Cunpo- 
potions and being lighted arid inflamedd-on:all Side. you ‘may throw them 
| -where-ever you thall chink proper. | 


nN “™ ¢ @ . ow 


: CHAP. Il. 
Of Fire-Heops or Aitificial Spheres. 


, 1' you Rave a right Fdta of the ittthher of preparing the Fire-Crotuns 
& we jaft now {poke of; You will meee With no Difficulty iit ordering 
srtifetal Spheres, Which ait only compoled of feveral Hoops or Rings 
‘within one atother, and placed Crof-wife. Preparé thei three ot four 
‘Hfouph of Crowes (according to drt Diteivn$ we gavé youd in thie fore- 
going Obapter,) of {uch Size ahd Proportion to éach other, thar they 
may 60 intd, of be retéived ifto ohé another, frotti the préareft of chéin 
to tha leat 5 (that is) That the Intetiot Circumference of die Firlt, be 
exaaily the Bxterio? Cireustifttence of tte Setotid, and thé hiterior 
Circumference of the Secuhd, be exactly the Exterior Citciithferénce 
of the Third, uid fe dn: Being thus ordered, pit theri together, (viz:) 
the two Firft, at Right-Angles to each other ; and thé two Sinallér, ac 
Right-Angles between themfelves, but at an Angle of 45 Degrees with 
refpect to the two Greater ; or if you have more than four Hoops, they 
fhall be all fo ordered as mutually to interfect each other at Acute An- 
gles in the two Points which are Diamhetrically oppofite. To thefe you 
may add others which may embrace theth round, or be in a right Di- 
rection to the Firft; but they fhall be bound on with Copper or Iron 
Wire ; for if you only faften them with Marline, it will be prefently 
burnt; by which means your Work will fall to pieces, and yourfelf be 
baulked in your Expectations. . 
: | eae ul 
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But by the way I muft tell you, that it will be proper to have large 
Hoops for thefe Spheres ; I mean, that they muft be of feveral Foot in 
Circumference. The largeft of them (for Example) fhall be 15 Foot in 
its outward Circumference, and the reft proportioned to it, as we faid 
above. It is alfo neceffary to dip them all in Tar, and to pierce them 


with feveral Holes or Vents; that the whole Body of them may be fired — 


at once, or in feveral Places, and confequently, that it may be impoffi- 
_ble for the Enemy to fuffocate them, or difengage themfelves from the 
frightful Diforders thefe Spheres will introduce amongft them. I have 
not given you any Figure of thefe; becaufe the Conftruction of them 
may be eafily gathered from what we have been faying, and by the Fi- 
-gures of our Artificial Crowns. As for that whofe Reprefentation you 
Fig. 211-have in Fig. 211, it differs from thofe we have above-defcribed : Han- 
. zelet will have it conftructed thus. : ——_ 
‘Take a. Wooden Hoop, or (what will be better) an Iron one, juft 
fuch as Coopers ufe for binding their Cask: Daub it over with Tar 
mixed with Gun-powder, and take a Band or Slip of Cloth, whofe 
Length muft be equal the Circumference of the Hoop, and of the 
Breadth of three Inches: Wrap this Band round the Hoop, and fill ic 
with a Compofition made of one Ib of Powder, one 3 of Sulphur, and 3 
Ib of Saltpeter, {prinkled over with a little O:/ of Petrol or Linfeed, and 
inter{perfed with Scraps of Sulphur. This done; few up your Cloth, 
and re-inforce ic throughout with a Woulding of Marline, and pierce it 
in feveral Places with an Iron Point, filling all the Holes you pierce, 
with Quick Match. In thort, the whole exterior Surface of the Hoop 
fhall be garnifhed with Su/phur, which muft be wrapped round with 
Tow, excepting the Vents or Primings of Qyick Match which mutt :be 


left free and open. This is but half your Work; for you muft pre-— 


pare another Hoop after the very fame manner (or feveral if you pleafe) 
and having fix’d them in one another, you fhall faften them together 
with Wire, to prevent them from falling afunder when thrown from 
any Eminence amongft the Enemy. Being thus prepared and adjufted, 
you muft fire the Quick Match before-mentioned, and upon finding that 


your Compofition is thoroughly accended, you may throw this Sphere 
where you pleafe, 
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CHAP. Iv. 
Of ARTIFICIAL CYLINDERS. 


I Mutt here fay once more what I have very often advanced already, - 
namely, That we owe our Ingenuity in Pyrotechnics to Hints taken’ 
from former Inventions. I know that we improve a great many Things. 


in our 4rt, which we pretend were unknown to the Ancients ;. many 


of which I am far from thinking they were wholly ignorant of ; and it 
is not impoffible, that former Ages might have had a more diftinct. 


and perfect Knowledge of fome Things which we attribute.to our 


Invention, than we have ourfelves, (faving what relates to Gun-pow-. 


der) but which: by a long Succeflion of Time have been infenfibly 


annihilated, and were never handed down to us. Now the Men of. 
our Age are of fuch a Turn, That having never fo fuperficially con- 
fidered any: of the Pieces of Antiquity, they dive prefently to the Bot- 
tom of them, and unravel them at once; and thereupon their Hearts. 
being diftended with Vanity, they fancy themfelves to .be the very. 
Inventors of Them. Whence it is, that they give them out, not on-- 
ly as their own, boaft of them, and praife them up; but alfo arro-. 
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gantly defpife the Worthy and Ingenious of. the Times paft, who were _ 


in all probability at as much Trouble in the Cultivation of thofe: 
Things as we have been. For gyy part, I acknowledge that the ear-: 
lier Ages of the World were productive of very great Men, and fuch. 
as were infpired with an Inventive Spirit; but it muft be at the fame. 
time allowed, that we may juftly claim fome fhare of Applaufe and Ap- 
probation in Conjunction with them; inafmuch as we have been able. 


to make great Additions to their ingenious Practice; and inafmuch as 
we know how to choofe what is profitable to us from amongft their In- 
ventions, and feparate it. from what is unufeful to us, and after having 


cleaned it, and fcowered off the Ruft it had contracted by a Length of 
Years, have been at the Pains to reftore it to its Original Luftre. But | 


I fhall always ftand firm in the Opinion which I have fo often commu- 
nicated in this Work, notwithftanding any Arguments I can forefee to. 


convince of the. contrary, (namely) that the Works of the. Ancients. , 


were Lame and Imperfect through their Want of our Gun-powder; and 
that they conceived only the Shadows, and not the perfect and. true 
Idea’s of the admirable Machines of War. I formerly gave you fome of: 
their Engines, and after having compared them with ours, I made it 
evident to you, how much our Modern: Machines furpafs them in Dig- 
nity and Contrivance. I fhall here again prefent you with feveral others: 
- But before I do that, I fhall make it appear by the Teftimony of an- 
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cient Authors, that the Pyrotechnic Cylinder is a very antique Inventi- 
on; which done, I fhall fhew you what Improvements the Moderns’ 
have tacked to it. 

Let us firft confult Vegetius upon this Subject, and give Ear to what 
he fays of thefe Cylinders. He {peaks thus of them in Lid, IV. Cap. 
viii. where he teaches us to conftruct feveral Machines for the Defence 
of Walls. They made prodigious Wheels of Green Wood, or Cylinders of 
the Bodies of vai Trees, (which they called Rollers) thefe they rounded 
very exactly that they might be the more rollable, and being trundled down 
Dechvities, they ran over the Enemy and frighten’d their Horfes. Let 
us now heas what Aamisnus Marcellinus has to fay of this Matter: 
The greatef part of thofe whe were concerned in the Afjault, or made any 
Lstempss to feale the Walls, were overwhelmed and buried under great 
Stones, vaft preces of Coluntss, and by Cylinders which were rolled down 
the Dechivities and Taluds of the Walls. 

It appears then by thefe two Authors (not to quote any Thing from 
.othess) tha¢ the Ancients converted of applied the Cylinder to Warlike 
Ufes. Bait thefe could hurt none bus the moft Bold and Daring of 
the Befiegers, who attempted to fcale “the Walls of the Befieged; and 
only lamed them, broke their Ladders, and crufhed the Machines or 
Perfons they happened to fall upon; leaving the Soldiers and Works, 
which were but a little diftant from them, out of Danger. But our Cy- 
Kinders ave mach more Artificial, and vaftly more efficacious; for they 
noc only by their Weight break and deftroy whatever they fall upon, 
bur alfo kil fuch Perfons as ate far diftant from them, and throw down 
and demplith theit Machenes tho’ prettygremote : For being hollowed, and 
then charged wich Scones, Pebbles, Iron Bolts, and fuch like; together with 
a good Quantity of Gun-powder; they are capable of doing incredible 
Mifchief. Buc before they are put in Execution they moft be bound 
or seinforced with ftrong Iron Rings, one at cach Extremity of the 
Cylinder, and one at each End of the Charge of Powder. This is the 

Fig. 212. fir ft Sort of our Cyladers, which I have reprefented in Fig. 212. where 
the Letcer A diftinguifhés a Wooden Stopple or Tompion for heading 
up the Orifices of ic. 

Fig. 213. You havethe fecond Sort in Fig. 213. It is armed all over with bearded 
Spikes ; that it may not only be capable of Deftruction by 3 its Weight, 
by its Morcat Bowels, by its Flame and Fire; (all which ic has in com- 
mon with the Firft) but slfo tear and wound thofe with its Spikes, 
who are hatdy enough to be Foremoft in an Acack, of in mounting a 
Breach. Thx alfo muft be reinforced at each End with a Subftancial 
Iron Ring. 

Fig. 214¢ The third Sort of Cylinder, which you have in Fig. 214, is yet more 
Artifical, and more ctuelly adapted for Execution, than either of 
the Former; ‘for the whole Capacity of it is filled wich Hand Grenado’s 
and Crackers, of feveral Sorts (ordered as ufual) the Interftices of which 


= are 


Book V. Of the Great Art of ARTILLERY. 


are filled up with Gunpowder. Now this Cyknder is.commonly com- 
pofed of two Semi-Cylinders, as may be conceived by the Profil A. 

The two Pieces of this Cy/nder muft be forelocked or wedged together, 

and that fo clofely, that no Air may have Admiffion into the Bedy of 
it, whereby it will be confequently obliged to burft with the Greater Vi- 
olence. This Cylinder muft have a {mall Wooden Fuze to correfpond 
with the Powder, which Fuze muft be filled with one of the Com- 
pofitions we formerly gave you for the Fuzes of all Sorts of Gre- 
nado’ s. 

To conclude, I here give you a fourth Cylinder ; a which the An- 
cients had fome Knowledge, if we may believe Salluft; for ¥ find chat 
he writes to this Effect in his Remains. They rolled down the Deelivities 
' waft Pieces of Rocks and Beams mounted upon Axles, and armed with 
Spikes, or fbort Darts, like the Military Ericit, or Chevaux de Frife. 
But, good God! to what a horrid Point of deftructive Power have we 
brought this Cy/nder, by means of our Gan-powder ? For that fpoken 
of by Salluf, was no more to outs, that 2 Shadow fs to a: Subftance. 
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You have the Reprefentation of this in Fig. 215, and by the Conftru- Fig. ats. 


étion of it, I thafl evince that I have not exceeded the Bounds of Trath | 
in the Affertion I have here advanced, and fhall thew you how far we 
have improved upon the antique Cylinder of this Kind: The following 
Defcription of it is caken from Hanzelet. “ Get a Cylinder hollowed 
_ of bored throughout the Middle to the Breadth of 2 or 3 Inches, like 
“ our Recreative Cafes. The whole exterior Surface of it (excepting 
* its Bafes or Ends) fhall be ftuck ot armed with fong fron Spikes, be- 
“ tween which you mutt fix Grenado’s of ‘a moderate Size: The Fuzes 
* of thefe Grenado's muft be of Iron, and not only {crewed into the 
“ Vents of the Grenado's, but alfo into the Cylinder, (fee Fig. A) by 
“ which means they will be immoveably fixed: Again; chefe Fuzes 
_ muft be of fuch Length, as to reach clofe home to the Compoftion 
“ contained in the Body of the Cylinder. The whole being thus of- 
“ dered, thall be mounted upon two common Wheels, fuch as thofe of 
“ a Chariot with their Axle-T'ees, which muft exaétly fic the Orif- 
“ ces of the Cylinder, and be fecurely fuck into them: Thefe Axles 
« fhall be alfo bored throughout ‘to the Breadth of an Inch or there- 
* abouts, which Borings muft be filled wich the ufual Compofitions for 
“ Fuzes. In fine, this furious Body (which for its admirable Conftru- 
“ ion and wonderful Effects might juftly be ftyled a Machine) thall be 
“« pitched all over, and being mounted upon the Axles, and fired at 
“‘ each End, may be rolled down amongft the Enemy ; there to per- 
“ form fuch Havoc, as could not be effected by a Thoufand of the 
“© antique Sort.” To tell you now, how that is poffible, would be en- 
tirely fuperfluous and needlefs, fince any Perfon who has but the leaft 


glimmering Infight into our Art, will readily conceive it. And | 


therefore not thinking ic worth while, to dwell upon a Matter which 
| is 
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is fo felf-evident, 1 thal! proceed to the fhort Remainder os this ian 
tife 


CHAP. V. 
Of FIR ESACKS, 
TPHESE Artificial Sacks are applied to the fame Ufes in the Defence 


of Places, when attacked, or attempted to be ftormed or fcaladed, 
as the Cylinders above-mentioned. They are ordered thus: Take a pret- - 


ty thick Wooden Bar of feveral Feet in Length, and {quare it, or con- 


vert it into a Parallelopiped, and let the two Ends of it be cut tharp, or 


in the Form of a Pyramid. Towards the Ends of it, you fhall bore 


two Holes, nearly interfeCting each other at Right Angles; into which 


you muft thruft two Wooden Tree-Nails, fhod or armed at each End 


Fig ig. 216. 


with Iron, as may be feen in Fig.216, by the Letter A. Upon this Bar 
you muft tye a ftrong Canvafs Sack, which muft be pretty wide ; chat 


it may contain a good Quantity of one of the Compofitions we ordered 
for Fire-Balls, Having tied it faft to the Bar by one of its Ends, fill it 
cat the other with a proper Compofition, and ram it and fhake it dowa 
"till it be as hard as what we directed when we {poke of the Filling of 
' Fire-Balls. In thort, tar the whole Body of it over, and coat it with | 


Fig. 217. 
Fig. 218, 


Tow, You have this in Fig. 217. 
The other Sack, which you fee in Fig. 218, differs from the foregoing, 


in that its Bulk is uniform and equal from one End to the other ; with- 


out {welling or bellying out, more in the Middle than at the Extremi- 
ties; as may be perceived by the Figure: Add to which, that it has no 
Bar or Axle running through the Body of it, like the foregoing; but has 


_ only two {mall Wooden Fuzes, fixed in each Mouth of the Sack, which 
are filled with a flow Compofition. What we have here faid of the 


foregoing, together with the Figures we have referred to, will give 


you a perfect Idea of whatever relates to this. Thefe Sacks mutt be 
armed on the Outfide with Jron Crackers. | 
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CHAP. VL. 
Of ARTIFICIAL TUNS and BARRELS. 


oe Tuns and Barrels, as well as Cylinders, were ufed by the an- 
cient Greeks and Romans, and feveral other Nations that flourithed 
with them, in the Defence of Places befieged, may be gathered from 
what we are now going to communicate. Firft then, - Dio Caffus 
fpeaking of Tiberius, who had befieged a Place fituated upon a Rock in 
Denmark, {peaks to this Effe&. The t Dalmatz galled them with Stones 
thrown from Slings, or rolled down by Hand; they likewife trundled down 
Wheels, and Cars full of Stones, together with Chefts andTuns, or Barrels 
made round after the Fafhion of the Country, all full of Pebbles. Hero 
alfo relates fomething of this Nature, They contrived to roll down Co- 
lumns, Wheels, Chariots or Cars heavily laden, Veffels full of Pebbles or 
wet Earth, like thofe compofed of Staves in which Oil, Wine, and fuch like 
Liquors are kept. Ammianus writes much to the fame Purpofe, || Hav- 
ing boldly paffed the Foflé or Ditch over Hurdles, and gained the Foot of 
the Wall; they were immediately overwhelmed with vaft Pieces of Stone, 
and Fragments of Columns, together with Tuns. Now we can gather no- 
thing from the Teftimony of thefe Authors, and they prove nothing far- 
ther; than, that by fuch like Contrivances, they crufhed the Enemy to 
Pieces, and tore down their Machines. The Art of doing this is not fo 
difficult, nor the Practice of it fo obfcure; but that we might eafily act 
it over again, if we thought it in any wife proper or neceflary for the 
Defence of Places: But our Gun-powder has fuggefted far other Ways 
of defending ourfelves againft thofe, who would make any hurtful ‘At- 
tempt upon our Lives and Fortunes. We now prepare great Tuns, in 
the Center of which we fix a leffer Veffel or Cask full of Powder, or 
elfe a large Bomb; which we furround with Stones, Pebbles, Iron Bolts, 
&e. the Interftices between which we fill with Quick Lime. The Veffel 
being crammed after this Manner with as much as it can hold, is headed 
up, and well bound with Iron Hoops. In fhort, having fix’d a Fuze in 
it to cerrefpond with the Powder, it is thrown down from the Ram- 
parts amongft the Enemy, where it does more Mifchief in an Inftant, 
than all the Machines of the Ancients could do in ten Days. 
_ Now the Havoc made by thefe Contrivances is fo prodigious ‘nd 
frightful, that it is impoffible for me to inculcate an Idea of it into you, 


.and much lefs can I make you believe it, except you have ever hap- — 


+ Dio. C:f. Lib. LVI. . t Now called Sclavonians. {| Amm. Lib, XX. 
Hhhhh pened 
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pened to be in fome fort an Eye-Witnefs of it upon Warlike Occa- 
fions. I for my part believe it is impoffible for Human Wit to in- 
vent any Thing more efficacious than thefe, to cut off the Enemy when 
refolved to carry you by Storm, to affuage the Violence of Attacks, and 
to caft a Damp upon the moft Refolute and Courageous. We have a 
difmal Example of the horrible Effects of thefe Murthering Machines in 
the Siege of St. Andrews in Scotland, which was invefted in the Year of 
our Redemption 1524; at which Time one of thefe Tans, filled with 
Powder, Stones, and Iron Bolts, being rotled down amongft the Enemy, it 
wounded 600 of them at once, of which Number 321 remained Dead 
upon the Spot. Weare informed of this by Hierom Ruffel, an Italian, 
in his Precepts of the Modern <rts of War. 

The Befiegers might on the other hand throw fuch Veffels as thefe in- 
to the Places befieged, (as alfo Cylinders and Sacks) if they had Ma- 
chines proper for that Service, and particularly, if it was thought worth 
while to revive the Balifia of Antiquity ; which we fhall not here en- 
large upon, having fpoken of it fufficiently already. 

- Sometimes alfo thefe Artificial Barrels might be buried under Ground 
in any narrow Paffage, or at the Entrance of any Place, or before the 
Gate of a Town; artfully fixing in them a Gun-lock with a good Flint, 


‘and having a long Line or Thread made faft to the Trigger, to fire your 


Gun-powder or (if we may fo exprefs ourfelves) {pring your Mine, when- 
ever you think proper; but the abovementioned Line muft run under 
Ground, that it may not appear. If this Contrivance does not pleafe 
you, you may (to be furer) put a Piece of lighted common Match into 
them, or fome of our Qyick Match twifted, and ordered fo as to burn 
till the Time you expect the Enemy to come upon that Place, ‘in order 
to carry on their Attack: But you mutt fo contrive, that the Match may 
breath the Air by a litcle Tunnel or Pipe, which muft reach quite up 
to the Surface of the Ground; for fear the Coal of the Match fhould be 
{tifled by its own Afhes, and confequently baulk your Expectation. But 
I need not trouble myfelf with giving you any farther Advice upon this 
Subject: The skilful ae cannot be at a Lofs in managing this Mat- 
ter with Succefs. | 

We find that Neceffity formerly fuggefted feveral Methods to the Be-~ 
fieged, of not only breaking down and overfetting the Machines of the 
Affailants by the Weight of Stones, and other Ponderous Bodies, which 
they threw at them; but alfo of burning, and reducing them to Afhes. 
And therefore amongft other Inventions, they: filled Barrels and Tuns 
with Combutftible Things, and fent them amongft the Enemy’s Works: 
Witnefs Cefer in Lr. Il. of the Crus/ Wars; who {peaking of the Siege 
of Marfeilles, fays, “ That finding the Befieged very obftinate in defend- 
“ ing themfelves, a Mu/culus or Gallery was ordered to be built of 60 
« Foot in Length, which had a floping Roof, covered with Tiles and 


a Dirt to preferve it from the Fires which might be thrown from the 


“ Walls; 
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“ Walls; which Tiles and Dirt were covered with Hides to prevent 
“ them from being torn away by Water which might be plaid upon 
“ them; and the Hides were again covered with Cloths fteeped 
“in Vinegar; in fhort, the Body of this Gallery being made.of vatt 
Timber fecurely bound and clamp’d together with Iron, and the 
whole of it compleated and fortified, it was moved upon Rollers clofe 
“ home to the Walls of the Befieged. The Garrifon being aftonithed 
at this unexpected Machine, tore up the largeft Stones that could be 
“ raifed with Crows, and threw them from their Walls upon the Gal- 
_lery; but it was fo fubftantially built, that it received no. Damage 
from the Shocks of them, and what fell upon the Roof of it prefently 
“ rolled off. .He then fays, That the Befieged finding it was to no Pur- 
pofe to make any farther Efforts to deftroy the Gallery by Dint of 
Weight, they bethought themfelves of another Stratagem; which 
“ was, to fill Butts, Tuns, and fuch like Veffels with Pitch, and the 
Heart of the Pine Tree, which they threw down all in a Flame up- 
on the Gallery, but they immediately rolled off, and were eafily re- 
moved out of the way of doing Harm, by long Prongs or Pitch-forks. 
In the mean time the Soldiers that were under the Covert of the Gal- 
lery, loofened and pulled out the lowermoft Stones of the Enemy’s 
Tower; and having taken out a good Parcel of them, and under- 
© mined it, a Part of it fell down with a fudden Ruin.” 
_ ‘The Thought of the Befieged, in this Cafe, pleafes me much ; but I 
can by no means approve of the Effect of their Artificial Tuns and Bar- 
rels: They would have feen far other Execution performed by thofe 
Veffels, if they (unfortunate People!) had had any Knowledge of our 
Gun-powder ; and from thence have hit upon a Preparation of their Tuas 
after our Modern Way. There is no Gallery how impenetrable foever it 
may appear, nor no Covert fo ftrong; no Hides, Planks, Blinds, nor 
Chandeleers fo thick; no armed Men, tho’ cafed in Steel to the very 
Teeth, that could bear the Shock of large Pebbles, Iron Bolts, or of 
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the Shells which we ufually inclofe in thefe cruel Machines. Happy the — 


‘Man who can avoid the Fury of them, or provide for his Safety by 
Flight, before the Powder in them catches Fire! Inftead of amufing him- 
felf with removing or thrufting our Zuns and Barrels away from the 


Works with Prongs. 


I have given you the Reprefentations of our Artificial Barrels in Fig. Fig. 219, 


219, 220 and 221. But the faft of them fhews you two Barrels mount- 
ed upon one and the fame Iron Axle: Thefe are not filled with Stones, 
but with Grenado’s, Crackers, and Corn Powder, and are well bound 
with Iron Hoops, and ftruck round with Steel Spikes. ‘The Reafon of 
their being armed after this Manner, is to defend them from the At- 
tempts of certain Fool-hardy Perfons; who might venture to cut them 
in pieces with Axes, before the Fire can have penetrated to the Powder 
contained in the Barrels; for the fame Reafon it is, that they are mount- 


ed 
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ed upon Iron Axles, and that the Wheels have Iron Straiks and Spoaks 
of the fame Metal. ae 

If thefe Artificial Barrels are not very large and heavy, they might 
ferve in Sea-Fights, and be thrown into the Enemy’s Ships, as well as 
Frre-Pots. | | 

You muft take great Care in fixing the Fuzes, for that is the main 
Point; and without being particularly cautious in ordering this Article, 
you run the Hazard of feeing your Work prove abortive. 
- In the two firft of thefe Figures, the Letter A fhews you a {mall Bar- 
rel, and a Grenado or Bomb which are fixed in the Center of their re- 
{fpective Barrels, The reft will be eafily conceived by the Figures. 


CHAP VIL 
| Of Pyrotechnic Flambeaus or Torches. 
Y Torches we underftand nothing more than certain Brands of Arti- 
a ficial Fire, which are thrown at Diftances to fire the Enemy's 
Works: But to fay the Truth, they are not much in Requeft wich us, 
and in ‘fhort; are. grown quite out of Ufe. The Ancients prattifed 
them formerly with very good ‘Succefs, 4s we are told by Vitruvius, The 
Divine Cefar having’ bis Army about the Alps, commanded the adjacent 
Towns to fubmit themfelves, and yield him free Paffage, &c. but there 
was a Cafile near, which depending upon its natural Strength refufed Obe- 
dience to the Summons: Upon which the Emperor commanded bis Troops to 
advance towards it. This Caftle was called Larignum, and before the 
Gate of it there was a Tower built of the beforementioned Wood, and 
compofed of great Beams lying athwart each other (alternately) like a Fu- 
neral Pile, which being pretty bigh, they might from thence repel the Af- 


— failants with + Spears and Stones. Cefar being informed that they had no 
other Weapons of Defence but Spears, which were too beavy to be thrown 


far from the Walls; be ordered little Fafcines or Fagots to be made, and 
thrown at the faid Tower, together with Brands or Torches, in order to fet 
it on Fire.. This was accordingly done, and whilft the Heaps of Faf{cines 
were in a Blaze, tt feemed to every Body as if the Tower was really burned 
down to the Ground. But the Fire going out, and the Tower appearing 


' awhole and untouched, Cxfar was aftonifhed at it, and ordered bis Army to 


advance up to tt, and tnfult tt ; upon which the Befeged being ftruck with 
Dread, they furrendered; and being asked what Wood it was that. bad 
thus been able to withftand the Rage of Fire; they pointed at fome of the 
‘Trees, which are in great Plenty in thefe Parts. This Wood is called 
Larigna, from whence the Caftle itfelf is called Larignum. 


¢ The Latin Word is Sudes, which were preperiy a kind of Staves, os 
Siltus 
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_ Silius mentions thefe Torches in Pugn. Canen. 


Ullum nec defit tels genus, bi Sude pugnant, 
Hi Pinu flagrante cient ; bi pondere Pili. 


In Englifh: 

"They deal all miffive Arms, fatal to Life ; | 
Thefe with the flaming Torch provoke the Strife, 
Thofe with the Javelin’s Weight, &c.——= — 


Lucan alfo in his Pharfalia. 
—— inde Sagitte 
Inde Faces, & Saxa volant. 
In Engh/b: 
‘Thence Sfones, thence Brands and Arrows fly. 


Virgil alfo faith fomewhere. | 
Famque faces € faxa volant, furor arma minifirat. | 
In Englifb: 2 | 


And Brands and Stones in ~~ Vollies Ay ; — 
_ And all the Ruftic Arms that F ury can fupply. | Dryden. 


Lipfius alfo in L1é, V. of his Pilipeehicun. tells us how the Ancients 
were ufed to prepare thefe Torches, in thefe Terms: The common Torches 
were thofe which were made of Pine, Larch, and Fir : The fialler Sort of 
thefe they had for private Ufe in their Houfes; but with the larger Sort 
they fought, and threw them by band « at the Enemy’ 5 We orks to _fet them on 
Fire. 


All this is Old: But our celebrated Annalift Paulus Piafecius willl 
furnith us with an Example of a frefher Date; ; for {peaking of the Siege 


of Wielkoluki (a Town in Mufcovy.) when it was invefted and taken by 
Stephen King of Poland, he tells us; ‘“ That the aforefaid Town being 


“ furrounded by an Enceint compofed of vaft Bodies of Timber, upon. 
* which Account, and for other Reafons, it was found to be Proof a- | 
“ gaint all Battery; and the King perceiving there was no Likelihood . 


“of reducing the Place by any other Means than ‘a Conflagration ; he 
«had recourfe to Mines, which being fprung, blew up a Rampart, and 


“ fet fire to the neighbouring Parts, which was extinguifhed by the Di- . 
“< ligence of the Mo/covites befieged ; but that fame Evening they con- | 
“ veyed Brands or Torches made of S ulpbur, to the other Side of the ’ 


“ Town, which lying latent for feveral Hours, it was thought they 
“ were extinguithed by the Dampnefs of the Ground: But a high Wind 
sd arifing towards Midnight, they flamed out a-frefh, and in a very lit- 
“ tle time the Conflagration became general, and the whole Place was 
‘© laid in Afhes; and above two Thirds of the Inhabitants were deftroyed. 

Tiiii | This 
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This is what I had to fay of the Ufe and Effetts of Artificial Tor- 
ches and Fire-brands. I have nothing now to do, but to infiru@ you in 
the Preparation of them by the Rules of our .4r¢; in cafe the Exi- 
gence of Affairs fhould make ic neceflary for you to put them in 


Prattice. Take then of Sulphur 8 Parts; of Colophene 2 Pares; of 


Saltpeter 4 Parts; of Black Pitch 1 Part; of Wax half a Part, and of 
Turpentine 1 Part. Having mixed thefe Ingredients well together in a 
glazed Earthen Pot, or in any Brafs Veffel, melt them over a Fire; and 
being fufed, throw into them fome Old Linnen well wathed and dried, 
or elfe Tow; but which foever of thefe you make choice of, you thall 
let it fteep in the above-faid Liguified Compofition; and taking it out 
whilft it is warm, you muft wrap it about long Sticks and bind it upon. 
them with Iron or Lattin Wyre; but before you do this, you mutt drive 
Nails into your Sticks, that the Stuff may have the fafter Hold upon 
them. Your Torches being thus prepared you may light them, carry 
them, and throw them, where you pleafe, and need not fear that 
either Wind or Rain will extinguith them ; for on the contrary they 
will burn either upon or in Water with wonderful Rage to their utter 
Confumption, and never can be-fupprefled by any other means than by 
being buried either in Sand or Athes. | 


CHAP VIL 
Of FIRE-ARROWS or DARTS. 


W HAT we here mean by Fire-Arrows and Darts where formerly’ 


_ called Malicoh, whieh fome Authors confound with the Fagots 
and Torches, of which Number is Nonius Marcellus, who fays: The 
Malteoli ave litthe Bundies of Broom, which being daubed over, or dip- 
ped sn Pitch and fired, are thrown npon the Roots of Buildings. Feffus is 
to the full as much miftaken; fays he : Not only Small Mallets are cal- 
led Malleoli; dat thofe af ahich are contrived to fete fre to Buil- 
cengs, and ave made after the Fa/Bion of the Firfft. Bot Herodianys cx- 
plains himfelf much better when Re {peaks of the Form of the Mzl- 
fools; tho’ by the way he confoends them 2 Little with the Torches , 
for he fpeaks thas of them in Zs4 viii. where he gives an 'Ac- 
count of the Siege of Aix, But the Machines being advanced, tbey. 
threw. Torebes at them, which were coated over with Pitch and Ro~ 
fin, with a foarp Porat at the Ends of them; and which being lighted 
and thrown, fuck i the Machines, and’ eafily burn’d them. But of all the 
Authors I ever perufed, I never mer with any, that gave a more perti-_ 
nent and rational Deferiprion of them, than mmianus, who writes 
to this Effect. + The Malleolus, ¢ kind of Arrow, is formed thus: Ip 
ss an Arrow made of Cane, which Between the Cane or Reed, and the 
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Head, or Point, is armed with an Iron feveral times doubled, and made 
hike a Woman's Diftaff: The Belly of it is finely hollowed, aa it is laid 
tpen or pierced in feveral Places, and the hollow Trunk of it being filled 
with Gombuftible Matter, and fired, and fhot cafily from a large Bow 
(for if it be violently dimiffed, the Fire of st will be extinguifbed) it will 
burn whatever it flicks in; and if Water be thrown upon it, 1t only ferves 
to make it burn the fiercer, nor is there any means of fupprefing it, but by 


the Superinjettion of Daft. The Parenthefs in this Quoxation, in which | 


he gives us to underftand that a violent Agitation or a {wift Flighe 
would put out the Fire of the Mal{eolus, may give us an Idea, of how 
much rt ftood in need of ovr Saltpeter, and Gun-powder, whole Fire 
is Proof againft all Attempts of Wind. or violent Motion, and is fo 
far from being inypaired by either of them, that they only ferve to ir- 
ritate it the more. Again; Vegetius fpeaks of the Malleolus altnoft to 
the fame Purpofe, namely, * The Malleoliare hike Arrows, and becaufe 
they carry Fire with them, they bur whetever they flick in. Aine: 2 very 
Ancient Author calls them fimply Prre-Arrows or Darts, as ray be 
learned from Tfaac Cafaubon’s Tranfation of him into Latin, where he 
renders them Sagitte ignifera ; Kym ferous ot. Fiery Darts, 

"Fhis is what F had to fay of the Fire- Arrows ot Darts of the An- 
clents: Fe row flands me upon to give you forte Account of Ours, and 
t6 teach you the Conftruétion and Preparation of them, You have 
three Sorts of them im Figares222, 423, and 244. The Conftruction 
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Fig. ‘322. 


of the firft of them is thus. Make a little Bag or Purfe of the bignefs 223, 224, 


of 2 Goofe’s or Swan’s Egg, (whichr niay be eitlier longifh or perfect- 
ly Round, as we formerly fpecified with Relation to Fire-Bails) and 
fill it with # Compoftion made of 4 18-of purified Saltfeter; 11 of Sui. 
peur; 1 1b of Meal Powder; this of Camphire ; and thf of Colophone. 
Or elfe: take 2 Ib of Saltpeter ; 2 1b of Powders. : 1b of Salsbar; thf 


of Celphore, Or this Third Compofition which is as good as either of — 


the Fwo former (viz.) & tb of Saltpeter; 6 tb of Powder and 4 16 of | 


Salphur. Having filled your Bag, bore an Hole thro’ the Body of it, 
through which you niuft run. a common Arrow or Dart, in fuch Man- 
ner that all the Head or Iron may proje& owt beyond it; chen righe 
under it drive a Wooden Peg athwart the Subftance of the Arrow, or 


elfe ftop ie with two or rhree Nails chat it may bé itnmoveable, and in | 


mo danger of flipping down to the Feathers during’ the Flight of the 
Arrow, or wien che FRéad of the Arrow ftrikes againft any Refiftiny 
Objet. | , 

Fhis done; lace it ag you fee in the Figare, and after the Manner 
we formerly f{pecified: im {peaking of Fire-BaNs ; and coat it over with 
Pitel: mixed with a litle Mech Powder, and fire ic by two frail Vents; 
néas the Head of the Arrow; and fiver it where-ever you pleafe with: a. 
common Bow or a Crofs-Bow.. 


* Veget. EV. Gap, ayiil, 
Of 


400 


Of the Great Art of ARTILLERY. Book V. 


' Of the two other Darts; that which you fee in Fig. 223. has a Con- 
cave Spherical Head, which ufually inclofes a Hand-Grenado or a Fire- 
‘Ball. In fhort, the Third has a certain Box or Cartouch at the End of. 


it, which is to be filled with one of thofe.Compojfitions we have given | 


you in the preceding Part of this Chapter. The curious Pyrobolif will 
find more of them in Brechtejius, Part II. Chap. II. In Ufanus, Trea- 
tife INN. Chap. XXII. In Hanzelet, Page 162. In ferome Rufel, Page 
48, and in feveral others who have amplified pretty prolixly upon this 
Head. | : 

. The Sequel of this Chapter fhall illuftrate the Ufe of Fire-Darts ; 
which indeed are not greatly in Efteem with us, and are, by fome fhal- 
low-witted Perfons, held to be but aukward Contrivances for convey- 
ing Fire into any Place; but perhaps they are difliked, becaufe there 
has been no Opportunity of ufing them in our Modern Sieges. How- 
ever this be, we are informed by Ufanus (in Treat. II. of his Artillery, 
Chap. XXIII.) that the Spaniards found very fuccefsful Service from 
them at the Sieges of Ypres and Offend: But were I to trace up the Hi- 
{tory of thefe Weapons a little more remotely, I might produce an in- 


finite Number of Examples to convince you that their Utility is admira-_ 


ble, and their Service by no means defpicable. But not to {well out 


this Chapter with the copious Evidence I could introduce ; I fhall con-. 


tent myfelf with what Martin Cromer relates; who {peaking of the 


mighty Exploits of the Poles before the Town of Choinice, befieged by 


King Cafimir in the Year 1466, N. S. writes thus: Not long after our 
People (meaning the Poles) fhot Fire-Arrows into the Town under the Co- 


vert of the Night, by which Means one Quarter of the Town was reduced 


to Afhes, and all their Wheat deftroyed. You will find a thoufand Exam- 
ples of this Kind in other Authors. But if ever they can be ufed to 
any very great Purpofe, it muft certainly be in Sea-Fights, to fet Fire 
to the Enemy’s Sails and Rigging, and efpecially when they are headed 
with a fharp Iron. In truth, I believe there can be no Weapon more 


‘pernicious upon fuch Occafions than thefe; for if they once ftick in the 


Sails, &c. it will be very difficult to pull them out again; fo that they 
muft burn on without Interruption ; and it would be impoffible to ex- 
tinguifh them without clewing up the Sails; during which I leave 


you to judge, whether or no an Enemy might not eafily board, and. 


overpower a Ship’s Company, which is under the confufed Appre- 
henfions of feeing their Ship either burnt, or difabled; for (pray) 
what is any Veffel (which does not go with Oars) when ftripped of her 
Sails, and in the midft of an Engagement, but a Bird without Wings, a 
Man without Hands or Feet, or a Body without a Soul ? In fine, all 
thefe Arrows may be fhot into befieged Places without being fired; 
thereby to furprize the Inhabitants the more, when they fhall fee fuch 


fudden and unexpected Ruin falling upon them: But to do this artfully, - 
you mutt ftick little pieces of lighted Sponge (fuch as we.taught you to 


prepare in Book Il. Chap. XXVIII.) into the Vents of your little Bags of 
: 6 
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Compofition, or into the Vents of the two others; the Ufe, and Neceflity 
of which will come to you by Experience. 


CHAP. Ix. 
Of FIRE-LANCES o PIKES, 


(Oe R Fire-Lances are not unlike a Sort of long Javelins, which were 
anciently called Phalarica, and were ufually fhot at the Enemy by 


Engines, or thrown by Hand. Hear what Vegetius fays, concerning the. 


firft Way of projecting them : That tf the Inhabitants dared not ftir out, 


they the more outrageoufly defended themfelves with Malleoli and Phalaricz, . 


which they fhot flaming from the Balifta. We thall fpeak of the fecond 
Way of difmiffing them a little lower. Let us firft fee what we can ga- 
ther from Authors concerning the Form,’ Preparation and Effects of 
them. The above-quoted Author, after having defcribed the Malleolus, 
writes to this Purpofe. + Zbe Phalarica ts a kind of Spear, armed 
with a great Iron Head, between which and the Staff st 1s wrapp'd round 
with Rofin, Bitumen, and Tow Steeped in Osl which is called Fiery; and 


being fhot from the Balifta, ficks in any Wooden Works, and frequently 


Jets Fire to the Machina Turrita. Titus Livy tells us, that the Phala- 
rica was properly a Saguntine Weapon. } The Saguntine Phalarica was 
a Projectile favelin with a long Staff, being armed with Fire (Tow and 
Pitch) and an Iron Head of three Foot in Length; that it might penetrate 
through any Armour, and pierce the Body, and that if it only ftuck in the 
Shield, and did not burt the Body at all, tt might create Fear. Lipfus 
adds to this Paflage in Livy : This is a terrible Weapon, both in the Blow 
it. gives, and to look at; however, what was tt but the Lightning that pre~ 
ceded our Modern Thunder ? Sshus alfo mentions the rere Phala- 
rica from Livy. 


Armavit claufos, & ports arcuit boftem, 

Librari multa confueta Phalarica dextra, 
Horrendum vtfu robur, celfifque nivofe | 
Pyrenes trabs letla jugis cut plurima Cufpss, 

Vix muris toleranda lues, fed cetera pingui, 

Untta pice, atque atro circumhta Sulphure fumat. 
Fulminis hac ritu fummis é menibus arcis 
Incita fulcatum tremula fecat aera flamma. 


In Engh/b thus : 


With a Phalarica, whirl’d by many Hands, 
The brave Befieg’d repell’d the hoftile Bands, . 


+ Vege, Lib. IV. Cap. XVIII " .-$ Deead, IT. Lib, 1. 
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Back from their Gates. It was a mighty Oak, 

Strange to behold; which for Defence they took 

From th’ Pyrenean Hills. This arm’d around, 

With bearded Spikes of Steel, would fcarce have found 
Obftruction from firm Walls. The reft befmear’d 

Wich Sulphur, and with unctuous Pitch, appear’d 

Like a dire Thunder-bolt, and from the Walls 

Of their ftrong Ramparts down it fwiftly falls, 

Cutting with Quivering Flames the yielding Air. Rofi. 


Lucan alfo in his Pharfalia, Lib. VI. verf. 196, mentions the Phala- 
rica after 2 very Poetical Manner. 

_ The Majeftic Virgil fings as follows of this — Weapon, in Bask 
IX. of his Aine: d. 


Non jacule neque enim jaculo vitam ille ded: iffet, 
Sed magnum firidens contorta Phalarica ventt, 
| Fulmins ala modo, quam nec duo taurea terga, 
Nec duplici fquamma lorica fidelis & auro, 
Sufinuit; collapfa ruunt immenia membra; 

Dat tellus gemitum, & clypeum fuperintonat ingens, 


In Engii/> thus: 


Not by the feeble Dart he fell opprefs’d, 
A Dart were loft within that roomy Breatt. 
But by a Phalaric’, large, heavy, {trong ; 
Which roar’d like Thunder as it whirl’d along. 
Not two Bull-hides th’ impetuous Force withhold ; 
Nor Coat of double Male with Scales of Gold. 
" Down funk the Monfter-Bulk and prefs’d the Ground, 
His Arms, and clatt’ring Shield on the vaft Body found. Dryden. 


_ Servius commenting upon this Paffage in Virgs/, gives us a particular 
Account of the Conftruction and Form of this Weapon. I¢ ts a large 
Arrow turned ina Leath, with an Iron Head of a Cubit long, at the End 
of which ts a kind of Ball laden with Lead: It ts faid to bave Fire added 
to it by means of Tow fteeped in Pitch; and being inflamed, deftroys the 
Enemy by the Wound it gives, or the Fire it carries along with it. This 
Spear was thrown from Towers which were called Phale, from whence it 
was termed a Phalarican Arrow or Javelin, te diftingui/b tt from the Mu- 
ral Arrows which were fhot from Walls. 

Tacitus in many Places calls them Hapa Ardentes, or Fire-Lances or 
Pikes; which Appellation of them we retain, by the common Confent 
of all Pyrotechnicians and Pyrobolifts: For the Italians call them Dardé 
de Fuoco, the French, des Lances & Piques a Feu; the Germans, Fewer 
Picken; the Flemings, Vyer-Spiffen; and in fhort, we (the Poles) call 
them Ogni ite Wlacznie or Kopi. | 
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If you would fee the Fafhion of our Fire-Lances, pleafe to caft your | 


Eye upon Fig. 229. As for the Conftruction of them, it is the fame I Fig. 229. 


dircéted for the Fire-Arrows and Darts of the firft Kind: There is on- 
ly this Difference between them, (v12.) That thefe are armed with a 
good Number of Irox Crackers prepared after the common Method ; in 
which Refpect they far exceed the Phalarice of the Ancients: Or on 
the contrary it is in Refpect of this, that the Phalarice exceeded our 
Lances; for we fhould find it a moft difficult Matter to fhoot them when 
prepared after our Way from our Artillery; as the Ancients were ufed 
to do from their Balife and Catapulta, as appears by the Teftimony 
of the Authors above-quoted. a 
But on the other hand we have Fires that are more Artificial than the 
Phalerice, and which we can proje& from our Cannon, Mortars, &c. 
With thefe Lences we commonly arm our Men in Artacks and Storms, 
and in boarding of Ships: And indeed it is a terrible Weapon, if we 
rightly confider the horrid Execution it does; for only imagine thar a 
Soldier who carries one of them is armed with as many Pifols as his 
Lance has Iron Crackers in it; and confequently when he is thus armed, 
he muft do as much Mifchief as feveral Mufqueteers.. Farthermore, it 
muft be confidered that thefe Lances may not only annoy and gall the 
Enemy with Powder and Ball, but alfo knock them down, and gore them 
with the Staff and Head: Add to all which, that if the Effort be made, 
or the Attack carried on in the Night, they will ferve to give a Light, by 
which may be difcovered any lurking Ambufcades of the Adverfe Party. 


CHAP. X. 
Of MILITARY FIRE-CASES, 


I Here give you only one Sort of the Military Fire-Ca/e, which you 


have in Fig. 226; and which in point of Form is exactly like theFig. 226. 


Recreative Cafe in Fig. 195. And for my part, I cannot fee why we. 
fhould not ‘apply our Recreateve Cajes to Military Ufes; by fri ping 
them of their innocent and diverting Nature, and in the Sead of that, 
fubftirucing fomething of deftructive Effect, (viz.) Hand-Grenade’s, 
Crackers, &e. as you may obferve in the Figure itfelf, where inftead of 
Paper Crackers, 1 have firmly fix’d others of Iron. Thefe differ from 
the Reereative Sort in another Refpeét, (viz.) Thar they are portable, 
as well as the Fire-Lances above-defcribed. Upon the whole, I thall 
only remind you, that all thefe Crackers are to be Gx'd foas to difcharge 
themfelves direétly upon the Enemy. | 


CONCLUSION ed APOLOGY. 


Here (Candid Reader) you have the firft Effay of my Artillery com- 
pleated; which I have performed with alf the Gare and Accuracy the 
a co Weak- 
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Weaknefs of our Nature would permit. If you and other worthy Per- 
fons can collect any thing ufeful from it;. I-thall never ‘repent me of the 
Trouble and Expence I have been at, norvof the great Portion of my~ 
moft valuable Time which has been taken up. in the Profecution of this 
W ork': But very far to the contrary; if I could-know, that my Labour 
meets with a kind Acceptance from you, your Approbation’ would ex- 
cite me to attempt fomething of a more exalted Nature, and more wor- 
thy of you: All this.is but che Prelude to what I meditate, if it be the 
Will of Heaven to fecond my Defign. I indeed muft own, that I have 
omitted a great many Things in this little Work, as well in the Recrea- 
tive as Serious Part of it; but it was through a Contempt of them, and 
not ignorantly that I paffed them over ; or fome of them I thought fit 
to lay afide for another Opportunity, and for other Reafons ; to which I 
might add the Importunity of the Printer, who would never let me reft. 
In fum, if I have any where fallen into Error, or if I have not given all 
the requifite Graces and Embellifhments to fome particular Subjects (in 
which® know myfelf to have been often wanting) I ask your Pardon for 
it. Iam neither afraid nor afhamed of Reprehenfion, if it be given in a 
Friendly Manner: But as for rancorous Critiques (the Spawn of Envy 
and Ill-Nature) I Jaugh at them, inftead of railing. But whither am I 
running to? Would it not have been more prudent in me to have re- 
{trained my Pen, and by my Silence to have preferved the good Opinion 
my Friends had conceived of me; than to give into fuch Flights, with 
Relation to an Affair in which many Arts and Sciences are concerned; a- 
midft the Multiplicity of which, it is not impoffible but I may have 
been bewildered, and at a Lofs; and confequently have laid myfelf too’ 
open to the ungenerous Attacks of the Malevolent? Yet all this gives 
me no Trouble; for I hope, my real Friends will have it in their Power 
to fupprefs the Calumny, and repel the unmanly Efforts of the Igno- 
rant and Envious; with whom it were to no Purpofe to contend, ex- 
cept I put myfelf upon a Level with them. In a Word, no overween~’ 
ing Fondnefs of my own Productions can ever blind me fo effectually .as 
to prevent me from being convinced of their Imperfections: I know and 
confefs that J am but a Man, and confequently fubject to err; and to 
fay the Truth, all Human Performances are very copioufly interfperfed 
with Folly, Rafhnefs, Superftition, &c, and amongft them I am very 


well contented that mine fhould be ee ; To {peak and conclude with 


Scaliger ; 
To the Beginning without Beginning; to the End without End; to the 
Day without Night; to the Workman without Hire ; to the Crea< 
tor without Expence ; to Knowledge without Difcipline; to 
the Triumpher without War; to Perpetuity without 
Moments; be afcribed all Praife, Might, Ma- 
jt and Dominion, both now and for 
evermore. 
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